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Objective: This study analysed the problems encountered by novice nursing students during the 
process of learning medication dosage calculation skills via didactic transmission methods and 
'word problems'. Subsequently constructivist approaches were applied to the design and 
development of a computer-based 'Authentic World' learning environment. The relationship 
between exposure to these two teaching methods and the learning of dosage calculation skills, was 
evaluated in both college- and clinical-based environments.
Participants and Setting : 44 novice nursing students following a pre-registration HE Diploma in 
Nursing Studies programme, within a large UK school of nursing.
Design : During the college based phase of the investigation, two groups of 22 participants were 
exposed to a 'cross-over' experimental approach, involving:
a) tuition via transmission and 'Authentic World' methods, followed by a written dosage 
calculation assessment.
b) cross-over to the alternative treatment, followed by a written dosage calculation assessment.
During the clinical-based phase of the investigation, a nine participant sub-sample were assessed 
during dosage calculation situations within child, adult and mental health care settings. A thematic 
analysis of post-assessment interviews was performed to identify participants' perceptions of the 
efficacy of the teaching strategies in assisting to bridge the theory-practice divide.
Findings : Evaluations of participants' performance during written assessments revealed three error 
types: conceptual, arithmetical operation and computation errors. Findings indicated that exposure 
to the 'Authentic World' environment, assisted participants to develop accurate schema for 
understanding dosage problems and eliminated all conceptual errors. Development of schema for 
arithmetical operation and computation skills took a more protracted period of time. On completion 
of the college-based phase 80% of participants scored 100% on the written assessment, and 
performance on the written assessments proved to be predictive of dosage calculation performance 
in clinical practice.
Conclusions: These results suggest that exposure to constructivist approaches assist novice nursing 
students to both develop requisite schema and understanding of medication dosage problems, and to 
bridge the theory-practice divide in this area of practice. Development of schema for arithmetical 
operation and computation methods requires a more protracted time period for assimilation and 
accommodation to occur.
Implications for practice : The predictive nature of this education process assists learners scoring 
100% on written assessments to enter clinical practice as advanced beginners in this domain; and 
enables early mobilisation of college support mechanisms to assist learners who manifest 
arithmetical operation and computation errors, to develop accurate schema for these skills.
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RATIONALE & ORGANISATION OF THE THESIS
This thesis 'evolved' over a seven year period. As both a science and education graduate 1 use the 
term evolution to describe the gradual, developmental and directional change that occurred in my 
thinking during this period. In one major respect this thesis is an analysis of the irrelevance of a 
curriculum that solely employs transmission of abstract theory that is divorced from the real world. 
In what may appear a strange place to commence a thesis which explores the learning of medication 
dosage calculation skills, I draw on the work of Eric Midwinter. Commenting on how when 
presented with information divorced from experience, that children strive to connect it with the 
most approximate reality, Midwinter mused:
Some time ago I inspected a child's drawing of 'Silent night; Holy night'. As well as 
the traditional complement of holy family, wise men, shepherds, oxen and asses, there 
was also a cheerful, stout fellow in a brown jerkin gazing benignly into the crib. 'Who 
is that?' we asked. 'Round John Virgin', said the artist.
Excerpt from 'The Irrelevance of the Curriculum' 
(Midwinter, 1972, p.278)
Tongue in cheek maybe, however the transmission of a 'sterile hotch-potch' of facts, which is 
divorced from the real world, has an analogy in nursing education, that is the theory-practice divide. 
In this thesis I will explore both the problems experienced by nursing students, and the sometimes 
bizarre effects of learning medication dosage calculation skills out of context. Subsequently I will 
explain, illustrate and provide empirical evidence of how a shift in emphasis to a contextualised and 
constructivist approach to learning influenced the learning of these skills.
The general framework of this thesis is underpinned by 5 chapters adapted from the research 
process described by Polit and Hungler (1995). Each chapter commences with an Advanced 
Organiser, which provides a synopsis of the theme and rationale of the chapter, and chapter sub­ 
sections. Each chapter sub-section commences with a Section Abstract that provides a more detailed 





As the title of this chapter suggests it will provide the background to the problem, the rationale and! 
aims of the ensuing investigation, and the theory development which underpins the premise of the I 
whole thesis. Hence given the pivotal role that this conceptual phase takes, this chapter is the longest f 
within the thesis. Moreover given the exploratory and developmental nature of this thesis, there is |
If
no one chapter dedicated to a review of the literature. Each chapter contains pertinent sections I 
which review and evaluate literature relevant to that stage of the research process.
* The study was undertaken at a large UK based university college, which served as an education IJ 
provider for, and utilised clinical placements within health care trusts serving: three counties, a 
large metropolitan city, a wide range of industrial and coastal regions and towns, and a large Iff 
rural and farming community.
* The background and empirical data for the study was collected over a seven year period and was 
drawn from nursing students with a very wide range of education and demographic histories. 
Thus whilst not claiming that the findings of this study are totally generalisable to the wider 
nursing student population, individual colleges are free to compare their sub-population of 
students to participants within this investigation. To enhance validity of the investigation and to 
deflect potential criticism regarding use of only one nurse education establishment, triangulation | 
of methods was undertaken. This involved a 3 cycle action research framework, incorporating: | 
an initial theory development and hypotheses generating phase; a college based repeat measure jj 
experiment; and a clinical based investigation involving case-history development, observation, 
assessment and post-assessment interviews.
* Data and investigator triangulation were enhanced by the involvement of a range of multi- j 
disciplinary team colleagues during the conceptual, design, and empirical phases of thejj 
investigation. . ,
The conceptual phase of the study will be discussed in the following sections:
* Section 1.1 provides an introduction to the context of the problem.
Section 1.2 states the broad aims of the thesis. 
I * Section 1.3 illustrates the steps and rationale of the 3 cycle action-research investigation.
Sections 1.4 and 1.5 discuss and evaluate relevant literature exploring the problem of medication 
dosage calculation errors committed in clinical practice; and three inventories which describe 
and illustrate the range of calculation skills underpinning the solving of medication dosage [ 
calculation problems.
Section 1.6 discusses the evolution of the Project 2000 curriculum and provides a discussion of 1
I 
the selection criteria, numeracy assessment undertaken at selection, and content and general ||
assessment of the pre-registration diploma level nurse education programme at the study site.
Section 1.7 discusses the traditional teacher led medication dosage calculation lesson and group | 
tutorial and assessment at the study site.
Section 1.8 discuses the general computation and problem comprehension difficulties! 
manifested by students during the learning of medication dosage calculation skills, via didactic) 
teaching methods and word problems, between 1995-1997.
Section 1.9 provides a review and evaluation of behaviorist and constructivist learning theory; 
and discusses the rationale for developing a new education framework for setting a foundation in 
the learning of medication dosage calculation problem solving skills.
Section 1.1 Introduction to the problem
Medication dosage calculation skills form a critical element of the professional development of the 
registered nurse. This is both to ensure the safety of the public and to maintain the standards of the 
profession (United Kingdom Central Council for Nursing, Midwifery and Health Visiting 1986, 
1992, 2000). The calculation of medication dosages is underpinned by the application of 
fundamental arithmetical skills. Inventories and typical examples of these arithmetical calculations 
have been previously constructed in the UK and USA nursing literature (Pirie 1987, Roberts 1990, 
Hutton 1998a). For example a common formula used for calculating intra-venous infusion drip rate 
per minute is:
Prescribed volume (ml) 1000 20 Drops per milliliter delivered by infusion set
A
Infusion time (hours) 8 60 Minutes per hour
However it is essential to recognise that the solving of arithmetical problems such as these involves 
two identifiable parts: computational ability [the carrying out of calculations/arithmetic operations, 
i.e. addition, subtraction, multiplication and division of whole numbers, decimals and fractions 
etc.], and the ability to solve problems [understanding the logic of a problem and utilising processes 
which involve coding of information into a meaningful whole] (Das 1988). Thus it is evident that 
nursing students are required to develop an understanding of both the 'real life' problems 
encountered in clinical nursing practice (i.e., the clinical context and underpinning logic of the 
dosage calculation problem to be solved); and the often unfamiliar and classroom oriented 
abstractions used to represent, explain and solve these problems (i.e., contextualised word problems 
and dosage calculation formulae and equations). This process is complicated by the theory-practice 
divide. That is the often described mis-match between classroom or textbook theory/abstractions 
and the reality of what exists in clinical practice. In a professional context the higher education 
process of'front-loading', that is exposing students to theory before practice, has been criticised for
teaching theory out of context (Schon 1983, Eraut 1994). Conversely to send novice nursing 
students out into a new world of clinical nursing practice, with no formal preparation amounts to 
blind practice. Ultimately this forms a rather spurious argument, as by definition where theory 
precedes experience, or where experience precedes theory, a theory-practice divide will be created. 
Ultimately this commonly presents very real difficulties for novice students, who are attempting to 
make sense of their new world of professional nursing practice.
A clear example of this manifested itself at one large university college, based in the UK, where 
there had been evidence accumulated over a five year period, of many, but not all, nursing students 
committing bizarre errors when calculating written dosage calculation problems. Students 
commonly stated that they did not understand classroom based abstractions, demonstrated poor 
problem comprehension, and committed both computation- and conceptual problem solving-errors 
during written assessments. These students had previously successfully completed a numeracy 
assessment as part of the selection process, and had been exposed to transmission- and classroom- 
based teaching methods and tutorials, interspersed with periods of clinical practice. Moreover 
interviews with more senior students revealed that many felt that the college-based dosage 
calculation sessions had 'prepared them to pass the written test, but were of little practical use'. This 
view was supported by a previous study at the college, which reported strong feelings among 19 
newly qualified registered nurses regarding both 'reality shock' and a 'lack of preparation' to 
undertake medication administration duties (Rees 1998). Subsequently both education and clinical 
staff were expressing concerns regarding the potential of demonstrated errors contributing further to 
those medication errors identified by hospital reporting systems. These findings were consistent 
with evidence from the international nursing literature indicating poor dosage calculation ability 
among many nursing students (Bindler and Bayne 1984, Pirie 1987, Kapborg 1992, Gillham and 
Chu 1995, Button 1998); and reports from the larger general mathematics field, indicating that the 
problem of poor computational ability was not restricted to nursing undergraduates (Edwards 
1996).
Hence herein lay the problem of how best to set a foundation, to assist novice nursing students to 
understand the concept of 'real life' medication dosage calculation problems; and to concurrently 
link this understanding with arithmetical formulae and equations which could be generalised to 
solving clinical-based problems. Clearly separating one element from the other creates a theory 
practice divide. Put another way, exposing nursing students to abstract word problems and 
arithmetical formulae, without facilitating a concurrent understanding of the 'real life' clinical 
problems to be solved, suggested a one dimensional approach to a two dimensional problem. 
Conversely short of a belief that the professional knowledge-base of nursing would somehow 
naturally diffuse from an area of high concentration in clinical practice, to an area of lower 
concentration in the learners mind, without some form of direction, then a method of facilitating 
learning in context was required. Subsequently in this thesis I set out to explore and address this 
problem.
Section 1.2 Aims of the thesis
• Conceptual phase:
1. To analyse the evolution of the problem at the study site between 1992-1997; and to review and 
evaluate literature pertinent to the initial theory development and hypothesis generating stage of 
this thesis.
2. To explain and illustrate the general action research framework which evolved to provide 
direction to the research process.
• Design & Planning phase:
3. To discuss and illustrate how a generally constructivist approach was operationalised to underpin 
the design and development of a computer-based 'Authentic World' learning environment.
4. To discuss the rationale and components of a repeat measure experiment and clinical 
investigation, designed to explore the relationship between exposure to didactic and 
contextualised teaching methods, and the subsequent understanding and learning of dosage 
calculation skills.
• College-based empirical and analytic phase
5. To analyse the efficacy of a pre-registration Diploma in Nursing Studies numeracy assessment 
undertaken at selection, in detecting computation skills critical to the solving of fundamental 
medication dosage calculation problems.
6. To identify the cognitive styles in mathematics (CSM) of a typical sample of students following 
a pre-registration diploma in nursing studies programme; and to compare the styles manifested 
by UK based nursing students with those previously reported among their counterparts in the 
USA.
7. To analyse and evaluate the relationship between exposure to didactic transmission methods, a 
computer-based 'Authentic World' learning environment, and the learning of fundamental 
medication dosage calculation skills in the classroom, by students manifesting a range of CSMs.
* Clinical-based empirical and analytic phase
8. Following exposure to a combined 'Authentic World' learning environment and didactic 
transmission methods, to explore whether performance on written assessments was predictive of 
a sub-sample of nursing students' performance during clinical dosage calculation situations.
9. To explore and illustrate student perceptions of mathematics prior to commencing nursing; and 
to explore students' perceptions of the influence of a transmission model upon their 
understanding and learning of dosage calculation skills.
10.To explore students' perceptions of the influence of an 'Authentic World' learning environment 
model upon their understanding and learning of dosage calculation skills.
• Redefinition of theory and recommendations phase
11 .To redefine the beliefs previously held at the study site, regarding initial preparation strategies 
used to assist nursing students develop medication dosage calculation skills.
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Section 1.3 Synopsis of the steps, conduct and rationale of a three cycle action 
research investigation
Given the exploratory nature of the problem to be investigated (aims one & two); the developmental 
and collaborative requirements underpinning the design of a computer-based 'Authentic World' 
learning environment, and a joint college and clinical based investigation (aims three & four); and 
the combined college- and clinical-based elements of the data collection and analysis process (aims 
five - eleven); a three cycle action research framework evolved to provide direction to the research 
process.
Action research is growing in popularity with nurse researchers, where it is often seen as a way of 
bridging the theory-practice gap. However there is little agreement on exactly what is meant by the 
term (Rolfe 1996). During original work in this area Lewin (1948) described the action research 
process as a spiral. That is the process begins with identification of current issues associated with an 
identified problem. This is followed by planning, implementation and evaluation stages. 
Subsequently if necessary the spiral is repeated in response to revisions of the initial plan. Within 
the sphere of education this involves teachers looking at specific educational features, diagnosing 
problems and gradually developing and implementing methods aimed at improving learning (Cohen 
and Manion 1989). Hart & Bond (1996) identified three key criteria of action research: 'problem 
focus', 're-education', and 'improvement and involvement'. Each of these elements formed critical 
components of the current study. That is the process incorporated observation of a problematic 
situation, a diagnosis of the problem, and finally an attempt to improve the problem in the context 
of the situation.
Involvement is an essential part of the philosophy of action research, and involves the promotion of 
active participation and social interaction within a group of individuals (Cormack 1984). During the 
current investigation, nursing students, fellow lecturers, clinical colleagues, a senior pharmacist and 
a senior lecturer in medical statistics acted as participants, co-researchers and key advisors.
In essence action research has the potential to generate genuine and sustained improvements in 
schools and colleges. It gives educators new opportunities to reflect on and assess their teaching; to 
explore and test new ideas, methods, and materials; to assess how effective the new approaches are; 
to share feedback with fellow team members; and to make decisions about which new approaches 
to include in the team's curriculum, instruction, and assessment plans (Sagor 1997a). Subsequently 
the basic action research model suggested by Stringer (1996), was adapted and utilised to 
operationalise the aims of the thesis (see figure 1):
Figure 1 
The basic action research model used as a framework for the thesis
Looking * Gathering initial relevant information and data
* Building a picture and describing and defining the situation. 
(Aims one & two)
Thinking * Interpreting and initially theorising upon why things are as they are.
* Generating relevant hypotheses which can be tested empirically . 
(Aims one & two)
Acting * Planning and designing a course of action based upon defined theories 
and hypotheses (Aims three &four)
* Implementing the plan (Aims five - ten)
* Evaluating the results (Aim eleven)
10
These three phases acted as a framework for the key elements of the investigation, and are 
illustrated in Figure 2. This framework in turn acts as an advance organiser for the remainder of the 
thesis. What follows in the remainder of this chapter is an analysis of the evolution of the problem 
at the study site between 1992-1997; and a critical review and evaluation of literature pertinent to 














































































































































































































































































































































































































































Section 1.4 A discussion and evaluation of relevant literature regarding the 
problem of medication dosage calculation errors committed in 
clinical practice and by health care professionals during written tests
Section abstract:
|The rationale for this section is to provide an initial overview of dosage calculation errors]
'•i
I
i committed in clinical practice and by health care professionals during written tests. During the
JI period 1992-1997 both education- and clinical-staff representatives at the study site had concerns
II
| regarding the often bizarre errors manifested by many nursing students on written dosage
|ij!j;
I calculation assessments. The main concern of clinical representatives was that these paper-based
j errors would potentially 'spill over' into clinical practice and compound the errors detected by the
||
I hospital's incident reporting systems. An analysis of reports of medication incidents at one large Ii . r
| health care trust within the region, indicated that over a 3 year period approximately 5% of the)
if i
|incidents were associated with calculation errors made by registered nurses. These were often! 
||| between twice to ten times the prescribed dose. j
ft I 
| A wide range of international literature highlights problems associated with registered nurses and
| other health care professional's numerical abilities. These problems are commonly reported in
B:'
I tandem with 'other categories' of medication error recorded in clinical practice. Thus while dosage |
|I calculation errors form part of reported medication administration errors, such errors represent but
II
If one element of a very complex problem. Moreover due to varying methods of error reporting, Allan j 
|and Barker (1990) stressed caution when reviewing definitions of medication errors, error! 
|; categories and incidence of medication error when comparing studies. In an effort to provide aj 
benchmark for classification purposes, the American Society of Hospital Pharmacists (1982)|
P= :Ue
I1 developed thirteen standard definitions of medication error categories. These are presented and
discussed both in terms of key definitions related to calculation error, and in conjunction with 
studies which have reported calculation errors among health care professionals.
13
Conclusions suggest that dosage calculation errors contribute approximately 3-4% of all medication] 
administration errors reported in the UK. However due to variations in reporting systems this may | 
! represent the tip of a much larger iceberg. Moreover where dosage errors occur this has sometimes { 
^ resulted in tragedy for both the patient and the health care professional involved.
J A range of studies from the USA and the UK have investigated and highlighted the medication
j
jj dosage calculating ability, observed amongst registered nurses and other health care professionals
I during written tests. Relevant studies are reviewed and evaluated in respect of their relevance to the
ij current investigation. Conclusions generally support the existence of a theory-practice divide; and
II
1;
I suggest that abstract classroom- and word-based assessments that are not specifically linked to 
I contextual features in clinical practice appear to be an unreliable indicator of clinical performance.
j Conversely clinical experience of medication administration does not appear to positively influence
1
I performance on written medication dosage calculation assessments.
j
| Given the word limitations of this thesis the main text of this section appears in Appendix li.
Given the critical effects of dosage calculation errors committed in clinical practice, there is a 
requirement that students in the health care professions are formally assessed in this area by their 
respective professional education establishments. This is underlined by the United Kingdom Central 
Council (UKCC), for Nursing, Midwifery and Health Visiting (1986, p.47) statement that
registration protects the public by indicating that the practitioner is safe and 
competent to practise.
This being affirmed through the learner's achievement of the outcomes designated in the Nurses, 
Midwives and Health Visitors Approval Order, Rule ISA (2), Statutory Instrument 1989, No. 1456; 
via which the Welsh National Board (WNB), for Nursing, Midwifery and Health Visitor Education
14
(2000), has stated that with regard to Care Delivery, and as part criteria for assessment of safety, 
nursing students must demonstrate ability in
calculation, handling, administration and storage of drugs (WNB 2000, p.55)
Therefore nurse education establishments must take all reasonable steps to both develop and assess 
the acquisition of relevant professional skills among their student body. This to ensure that they can 
function as safe practitioners during medication administration, and in other relevant elements of 
professional nursing practice which require the application of numerical concepts. I intend to set out 
and illustrate the construction of a theory which explains one method of more closely aligning this 
complex theory-practice divide. As a starring point in this process, Section 1.5 discusses and 
evaluates literature regarding the range of computational skills used during the calculation of 
fundamental medication dosages.
15
Section 1.5 A review and evaluation of literature regarding the range of
computations utilised during the calculation of medication dosages
Section abstract:
This section provides the definition of numeracy and arithmetical achievement used in this thesis. 
Subsequently an analysis of literature which has explored the range of numerical / mathematical 
skills required and utilised in nursing practice is made. This in:
a) The UK (Pirie 1987, Hutton 1998) 
and
b) The USA (Roberts 1990) 
1 This work is reviewed and a synthesis of the key medication dosage calculation skills identified
I" within the three Inventories is presented. Given the word limitations of this thesis the main text of ,, this section appears in Appendix lii.
Chenger et al (1988) argued that it is crucial that nurses possess the knowledge and skills to perform 
calculations (computations) and the more complex problem-solving skills involving formulae, since 
such skills are needed to ensure that the patient receives the correct dosage of medication. Within 
this context Das (1988) defined arithmetical achievement has having two identifiable parts:
Computational ability [the carrying out of calculations/arithmetic operations, i.e. 
addition, subtraction, multiplication and division of integers etc.], and The ability to 
solve problems [understanding the logic of a problem; and utilizing processes which 
involve coding of information into a unitary representation which is gestaltic or 
quasi-spatial in nature] (Das 1988, p. 101).
Given both the relevance of the Das (1988) definition to the learning of medication dosage 
calculation skills, and the ability to operationalise the definition into computation and conceptual
16
problem-solving skills, it was selected as the standard definition used within this thesis. This 
together with the information provided in Appendix lii forms a general framework which itemises 
mathematical concepts actually identified between 1982 and 1998, or perceived as important in the 
solving of medication dosage calculation problems. These elements of dosage calculations were 
used to supplement both my own and my colleagues professional knowledge of dosage calculations 
performed in clinical practice. Subsequently these skills will be discussed in terms of the numeracy 
assessment undertaken at selection and the medication dosage calculation assessment formulated 
and undertaken at the study site (Section 1.7); and the development of a computer-based 'Authentic 
World' learning environment (Section 2.2). However prior to this, Section 1.6 discusses the 
evolution of the Project 2000 curriculum and describes the pre-registration diploma level nurse 
education programme at the study site. This section acts as a critical precursor to the remainder of 
the thesis, and provides a platform from which the problems encountered by nursing students and 
lecturers will be discussed.
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Section 1.6 Evolution of the Project 2000 curriculum and a description of the 
selection criteria, content & general assessment of the pre- 
registration diploma level nurse education programme
* Section abstract:
If As some readers of this thesis may be unfamiliar with the changes that have occurred in the nursing j
| _ |j | profession over the last decade, it is important to outline the major restructuring of nurse education |
| during this period. However word length restrictions preclude an in-depth analysis of this process | 
J within the main text. Therefore readers interested in this process are directed to an expanded version 
| of this section, which appears in Appendix I.
I Hence this section as it appears in the main body of the thesis, provides:
I; a) A short overview of the evolution and rationale of the Project 2000 curriculum and concerns
6
regarding a potential mis-match between theory and experience within both the Traditional and 
Project 2000 pre-registration nurse preparation programmes. \
b) A short overview of the structure of the pre-registration diploma level nurse education 
programme at the study site.
c) For the purposes of scene setting: a more detailed description of the selection process, a short If 
introduction to the student numeracy problems identified between 1992-1994, and the rationale 
for prohibiting calculator use and introducing a numeracy test into the selection process. |
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Traditional versus Project 2000 Curricula
To appreciate the problems encountered by students when learning medication dosage calculation 
skills, it is essential to recognise the structure of the programme within which the skills are 
developed. An historical perspective of the evolution of the current nurse education programme 
serves as a backdrop to this aim.
Prior to the wholesale movement of nurse education into higher education establishments, student 
nurses had previously followed traditional pre-regi strati on nurse preparation programmes, that were 
based on an apprenticeship model of training. In 1986 the United Kingdom Central Council for 
Nursing, Midwifery & Health Visiting (UKCC) proposed a new approach to the pre-registration 
preparation of nurses. In their discussion document titled Project 2000: A new preparation for 
practice, the UKCC outlined their vision of an education strategy that responded to the weaknesses 
of the traditional programme, while preparing practitioners to function within, and respond to an 
ever changing world. The notion of the 'knowledgeable doer' was proposed, and in 1989 the Welsh 
Office published a position paper which highlighted a number of key changes to the pre-registration 
preparation of nurses. This included the dictate that training was to be divided into two periods. A 
common foundation programme (CFP) of 18 months, which centred upon the development of key 
fundamental knowledge and skills; and a further 18 months to specialise in one of 4 branches: child, 
adult, mental health or learning disability.
Concerns regarding a theory-practice divide within the higher education domain
A number of concerns regarding the theory-practice divide emerged and coincided with the move of 
nurse education into a higher education arena. Howkins (1994) suggested that a possible widening 
of the theory-practice divide could follow a move into higher education, with its potential for 
enhancement of theoretical knowledge development without a concurrent emphasis on practice. 
Similarly Prowse (1996) argued that for the nursing student in higher education the problem is often
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one of applying and integrating knowledge and practice. Such a view is analogous with that 
previously presented by Melia (1987) who described how student nurses following a traditional 
programme learned how to 'straddle' the 'idealised theoretical' and 'real life practice' parts of the 
course. This resulted in students learning how to fit in with whichever component of the programme 
they were being presented with at the time, and led to confusion and uncertainty.
These findings were echoed by a previous study involving 19 newly qualified registered nurses who 
had followed the diploma programme at the study site. Essentially this study provided a 
contemporary and first hand insight into the creation of a theory practice divide at the study site. 
Rees (1998) described how participants spoke of 'two worlds', that is the separate worlds of college 
and clinical experience. Lecturers at the study site were described as delivering a theoretical and 
idealised view of nursing, that clashed with the stark reality of clinical nursing practice. One skill 
that participants universally singled out as an area where they felt unprepared was that of drug 
administration and calculation. Rees (1998) highlighted how participants spoke of 'having to check 
and recheck calculations' both personally and with more senior staff, and of being 'terrified' and 'a 
bag of sweat' when confronted with medication administration duties. A key recommendation of 
the study was that further research was necessary to clarify the issues surrounding drug 
administration. Hence it appeared that we had yet to identify a process of education delivery that 
was effective in preparing learners to develop this key skill and to bridge the theory-practice divide. 
In her doctoral study Hutton (1998a) found that competence in nursing mathematics develops 
through experiential learning in clinical areas, and development of a 'common sense' knowing when 
answers are sensible. She recommended that classroom based sessions should include realistic 
problems taken from relevant clinical settings, to reinforce common sense learning from the earliest 
possible time. I was particularly interested in this area of setting a foundation for developing these 
skills, as it was my contention that if we could assist in narrowing the theory-practice divide in the 
critical early stages of the programme, then students could optimise the learning opportunities that 
arise in clinical practice. Clearly this had to take account of both computation and problem-solving
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ability and development, and would require an analysis of the current medication dosage calculation 
programme. This theme will be developed throughout the remainder of this thesis. However prior to 
this I will first provide a short overview of the CFP structure at the study site, and discuss the 
selection process for entry to the Diploma in Nursing Studies programme.
Structure of the CFP at the study site
The CFP consisted of an approximately six month period of college based education, followed by a 
one year period of clinical experiences complemented by weekly study days. The 36 week period of 
clinical practice was sub-divided into 4 four-week 'theory to practice units' (TPUs); and 5 four- 
week 'clinical placement units' (CPUs). It was during the TPUs that students undertook their 
Introduction to Medication Dosage Calculation programme. The detail of the TPU and CPU 
structure is described in Appendix I.
21
The selection process for entry to the Diploma in Nursing Studies programme
As the overall aim of this thesis is to explore the factors involved in setting a foundation for the 
development of dosage calculation skills, it is essential that this exploration involves an analysis of 
how students were selected for the programme. The selection process for entry to the diploma 
programme at the study site involved a comprehensive process designed by the college recruitment 
team.
The official academic entry qualifications were a minimum of 5 GCSE passes at grade 'C' or 
above. English, mathematics and a science subject were desirable but not essential. Equivalent 
qualifications such as relevant BTEC, GNVQ, Access to Nursing and for mature students who did 
not posses the requisite academic qualifications, a pass at the 'DC' Entry Test were also considered. 
Candidates came from wide ranging geographical, age and academic backgrounds. For example 
candidates were commonly attracted from all 4 home countries and from abroad, from age groups 
between 18 to 48, and with academic qualifications ranging from no formal qualifications to 
possession of Master and Ph.D. level degrees.
Between 1992 and 1993 inclusive, the selection process required that candidates possessed the 
relevant academic qualifications and also satisfied the selection panel that they were suitable for 
entry to the programme. The selection panel consisted of a CFP and relevant branch lecturer, plus a 
senior clinical nurse representative from one of the local health trusts. However in 1994 following 
concerns regarding the numeracy, literacy and communication skills possessed by some candidates 
entering the programme, an additional battery of selection tests were incorporated into the selection 
process. During the design of the tests, the college recruitment team liaised with the specialist CFP 
biosciences, behavioural and social sciences and professional nursing studies teams. This was aimed 
at gathering information regarding identified problems and the fundamental skills that should be
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identified in the selection tests. As a result a brief literature review was undertaken to assist and 
inform this process.
The scope of the problem and the testing of computational ability
Observations of poor computational ability among nursing students had been extensively reported 
within the professional literature (Bindler and Bayne 1984, Pirie 1987, Kapborg 1992, and later 
Gillham and Chu 1995, Mutton 1998). However later evidence was to confirm that this problem 
was not unique to nursing students. That is reports from the UK higher education domain were to 
indicate a general decline in undergraduate mathematical ability in many non specialist mathematics 
programmes (Sutherland and Pozzi 1995, Howsen et al 1995, James et al 1995, Edwards 1996).
Concerns regarding the mathematical abilities of nurses had been expressed within the nursing 
profession, with calls for all prospective nursing students to be 'pre-tested' to ascertain their levels 
of mathematical ability (Miller 1993). A survey of 41 colleges of nursing in England, UK reported 
that only 4 colleges undertook a numeracy test on selection day and 5 colleges required a GCSE 
qualification in mathematics (Hek 1994). However reliance upon students possession of a 'C' grade 
at GCSE level mathematics may not be appropriate, as it is no indicator of competency in the type 
of mathematics used in nursing (Hutton 1998, Hilton 1999). This latter finding was consistent with 
my observations of student performance during an in depth analysis of the numeracy and 
medication dosage calculation assessments and will be considered further in Sections 3.0 to 3.7.
Numeracy problems experienced at the study site during the period 1992-1994
During the period 1992-1994 students were permitted the use of calculators during the medication 
dosage calculation programme and assessment. However results consistently indicated that over half 
the students failed to achieve the 100% pass score on the first attempt. Moreover commonly 30-
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40% of students failed to achieve the requisite score following three attempts during the CFP, such 
attempts having being interspersed with remedial tutorials from lecturing staff. Errors were 
commonly in the order of -5 to 625 times the correct answer, which in many cases was due to 
students consistently setting the problem up incorrectly. These students entered the branch 
programmes with the proviso that they ultimately passed the assessment prior to registration. No 
student to date had been discontinued from their studies solely for failing to achieve this requisite 
standard. However the stigma attached to 'failing the test', and the amount of time invested in 
remedial support of students to assist them in achieving the requisite standard was great.
An initial review of the international nursing literature indicated that the use of calculators for 
calculating drug dosages was a contentious issue. There were mixed reports of students improving 
their skills in basic mathematical operations when using calculators (Hembree and Dessart 1986, 
Shockley et al 1989, Murphey and Graveley 1990). The advantage of calculator use generally 
centred upon freedom from repetitious computations and decreased anxiety due to fear of arithmetic 
errors (Hawkins 1986). Additionally Murphey and Graveley (1990) suggested that calculator use 
had a positive effect on conceptual skills. However Shockley et al (1989) highlighted an association 
between calculator use and significantly more conceptual errors, i.e., ability to convert between 
measurement systems (including metric), and ability to set up a dosage problem using a ratio- 
proportion relationship. These reported findings bore a similarity to those within the college. Hence 
it was suspected that students at the study site were in part, committing bizarre errors due to not 
thinking about the problem to be solved, and were just putting numbers into the calculator. 
Therefore following much debate it was agreed that on the basis of the GIGO principle, that is, if 
you put Garbage In to the calculator you get Garbage Out, that a three pronged approach would be 
adopted.
1) Calculator use would be prohibited during the dosage calculation programme.
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2) A numeracy assessment would be introduced into the selection process.
3) Emphasis would be placed upon promotion of fundamental arithmetical skills development 
during the programme.
The selection process from 1994 onwards
From 1994 onwards the series of selection tests designed by the recruitment team were 
implemented for the first time. Candidates undergoing selection at this point were being recruited 
for places in the 1995 diploma cohorts. On the morning of selection day groups of up to six 
candidates were exposed to a formal numeracy and literacy assessment, followed by a group 
communication exercise. These skills were identified as critical to the practice of nursing and from 
our previous observations could not be assumed from the candidates academic qualifications.
The literacy assessment required the candidates to select one from five pre-determined topic areas 
and write a one to two page essay. This was subsequently analysed by members of the selection 
panel, who graded the candidates' literacy skills on items such as spelling, grammar and sentence 
construction. The group communication exercise centred upon a scenario where each candidate was 
allocated a fictitious patient who required an expensive health care intervention (e.g. a heart 
transplant). Brief biographical details of the each patient were given, and each candidate had to 
debate and present a case for their patient receiving the intervention at the expense of the remaining 
five patients. The exercise was observed by the selection panel who then following analysis, graded 
the candidates communication skills on items such as clarity of expression, interaction and 
assertiveness.
The second part of the selection day consisted of individual interviews. This focused particularly 
upon exploring candidates' perceptions of what nursing entails and provided an opportunity for the
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selection panel to further explore any concerns highlighted in the literacy assessment and group 
communication exercise. Clerical staff from the recruitment team marked the numeracy assessment 
and the selection panel merely discussed the overall mark with the candidates. Thus despite the 
incorporation of a numeracy test into the selection process, the fact that it was not formally analysed 
by the selection panel set it apart from the two other tests and tends to support the claim that as a 
subject, mathematics lies near the bottom of learning priorities in nursing (Mutton 1997, Hek 1994). 
This latter point is crucial and will be explored further in Section 3.1. At this point however the 
rationale, design and content of the numeracy assessment will be discussed.
The rationale and content of the numeracy assessment
At the study site the introduction of the numeracy test on selection day was aimed at recruiting 
students who demonstrated basic computation ability without the aid of a calculator. This was 
aimed at allowing college staff to concentrate on lesson and tutorial content associated with setting 
up and calculating typical drug-dosage calculation problems. The 40 point assessment (see Figure 3) 
was not strictly time-limited but generally took up to 45 minutes to complete, and covered 
computations identified in the range of taxonomies of mathematics used by nurses (Pirie 1987, 
Roberts 1990, and later Hutton 1998). This included a test of basic addition, subtraction, 
multiplication, division, percentages, conversion between fractions and decimals, multiple 
computations of whole numbers, negative numbers and conversions between SI units of weight and 
volume. The test was piloted among students who had previously passed the college dosage 
calculation assessment, and a minimum achievement score of 24/40 (60%) was set. This was based 
on a norm-referenced score, derived from a minus 1 standard deviation from the mean score 
achieved by the pilot group. The 60-70% level was consistent with other minimum achievement 
levels reported in the UK nursing literature for this type of selection test (Hek 1994, Hilton 1999). 
Candidates who demonstrated appropriate entry requirements and qualities, but failed to achieve an 
acceptable score in the selection numeracy assessment, were given the opportunity to seek remedial
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assistance and return at a future point to retry the assessment. As previously stated GCSE level 
mathematics was not required for entry to the programme. However any prospective student who 
held this qualification, but failed to achieve the required standard in the numeracy assessment 
undertaken at selection, was also told to re-apply following seeking remedial assistance. The 
fundamental nature of the numeracy test is illustrated in Figure 3.
Candidates who were successful in all parts of the selection process were informed by post within 




Numeracy assessment used on selection day of the Pre-Registration Diploma in Nursing
Programme
NUMERACY TEST FOR PRE REGISTRATION SELECTION
This is a test of your basic numeracy skills. It is in nine sections. It is designed to test your 
skills in addition, subtraction, multiplication and division. It will also test your ability to 
express numbers as percentages and convert weights and volumes.
Try to answer all the questions.
The use of calculators is not permitted but you may use the paper provided to work out your 
answers.
If you are unsure of anything please ask the member of staff who is supervising this exercise. 
The test should take 45 minutes to complete.
Section 1
Add the following numbers together.
a) 72 + 291 =
b) 10877+15099 =
c) 89 + 564+17885 =
d) 354001+ 308577 + 456098 
Section 2
Subtract the following numbers.
a) 56 - 23 =
b) 165-97 =




Complete the following calculations.
a) 21 + 18-10 =
b) 28 + 42 - 56 - 3 =
c) 4 - 8 + 10 =
d) 20-32+10+12 = 
Section 4
Multiply the following numbers together.
a) 35x2 =
b) 926 x 9 =
c) 576 x 11 =






d) 6553 - 24 = 
Section 6
Express the following fractions as a decimal, 








a) 3x4 = 
12
b) 24 x 2 = 
6x2
c) 25 + 5 =
6 + 4




a) 15% of £60 =
b) 60% of 25 meters =
c) Express £20 as a percentage of £50 =
d) Express 9 Kg. as a percentage of 12 Kg. =
Section 9
1 gram (g) = 1000 milligrams (mg)
1 milligram (mg) = 1000 micrograms (meg)
1 litre (L) = 1000 milliliters (ml)
Change:
a) 0.67 grams into milligrams 
0.67 g = mg
b) 23 milligrams into grams 
23 mg = g
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c) 0.195 milligrams into micrograms 
0.195mg= meg
d) 200 micrograms into milligrams
200 meg = mg 
Change:
e) 2 litres into millilitres 
2L= ml
f) 4.5 litres into millilitres 
4.5 L= ml
g) 3000 millilitres into litres
3000 ml = L 
h) 6250 millilitres into litres
6250 ml = L
The theories of learning underpinning the education process will be discussed in Section 1.9. 
However I will now turn to a description and analysis of the teacher-led medication dosage 
calculation lesson, tutorial and assessment at the study site.
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Section 1.7 The teacher-led medication dosage calculation lesson, group tutorial, 
and assessment at the study site.
Section abstract:
W ' ' • -•••••--•-- • ----.:• --.--- -• -••-•• • .-.-.-.-.- ,--•-•-. .,-.,,•.».-• -,...--.,.-• .-'--. ----!" '<-;••> .^•'-••: :••: •••.•••:-*•-"•• ••«-:•.•:-::: •-•:•• .-.-. . ••••:;.,
| The rationale of this section is to describe the evolution of the content, teaching methods and
| written assessment used during the teacher-led medication dosage calculation lesson and group jf
I I 
| tutorial. The content of this unit was decided by a team of lecturers from a range of professional and j
| education backgrounds. Given the limited curriculum time apportioned to the topic of medication j
I! i 
j dosage calculations, classroom teaching centred upon the use of a didactic transmission method and |
I contexrualised word problems. Illustrative examples of typical word problems, formulae andj|
;p \&
I equations are provided. I will restrict the discussion to the evolution of the programme following |
I . I 
I implementation in 1994 of the numeracy assessment at selection. This acts as a precursor to Section I
i j
11.8 which discusses students' general performance on the dosage calculation assessments between?
I 1995-1997 inclusive.
1
The teacher led medication dosage calculation programme
The original medication dosage calculation programme evolved from previous programmes that had 
been delivered during the traditional nurse education programmes at two large schools of nursing. 
Immediately prior to implementation of the Project 2000 curriculum the two schools had merged in 
a similar process that was occurring nationwide. Teaching methods were similar at the two schools, 
and as there was no standard medication dosage calculation programme or written assessment in 
operation within Wales, a combination of the two existing programmes and assessments was 
adopted.
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As the programme occurred in the CFP it was designed to reflect the development of skills that 
underpinned the solving of fundamental medication dosage problems manifested in all four 
branches. The content was decided by a team of lecturers with professional backgrounds in child, 
adult and mental health nursing. In addition the majority of these lecturers were members of the 
biological sciences team and were graduates in a range of science, education and information 
technology domains.
Organisation of the medication dosage calculation programme
The medication dosage calculation programme formed part of the pharmacology unit and as 
previously described was situated within the community profiling TPU. A group of four lecturers 
were involved in delivery of the programme and presented individual lessons based upon a pre­ 
determined and common lesson plan. Student groups of between 24 to 28 learners were initially 
provided with a 90 minute lesson in week 1 of the TPU. Given the time constraints of the 
curriculum, teaching was via a didactic (formal) transmission method which involved the combined 
use of overhead projector, ready prepared acetates and use of a whiteboard and markers to illustrate 
content. The lesson content centred upon introducing and solving typical examples of fundamental 
dosage calculation problems seen in clinical practice. Problems involving computation of drug 
doses based upon body weight or percentage dilutions were not included in the foundation 
programme. All the lecturers involved had substantial prior experience of teaching dosage 
calculations and used the same lesson format to ensure continuity between student groups. 
Following completion of the lesson, students were provided with a series of 'take away' practice 
questions similar to those included in the written medication dosage calculation assessment. 
Subsequently during week three of the TPU students attended a 90 minute tutorial provided by the 
lecturer who had delivered the lesson. The tutorial was used to work through the practice questions 
previously provided and to assist students who were experiencing difficulty with solving the 
problems. Students returned in week four of the TPU to sit the written assessment.
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Content of the programme
The content of the programme was a team decision based upon both professional judgments and 
experience and via reference to the taxonomies of mathematics used in nursing at the time (Pirie 
1987, Roberts 1990). This centred upon three 10 point sections:
1. Conversion of SI units of weight and volume: Conversion between grams and milligrams, and 
milligrams and micrograms (and vice-versa); and between litres and milliliters (and vice- 
versa).
2. Calculation of dosage problems for medications administered via: oral (tablet and liquid 
medicine) and injection routes.
3. Calculation of intra-venous infusion volume and drop rates.
This discussion continues with an overview of how the medication dosage calculation programme 
evolved following implementation of the numeracy test and elimination of calculator use. hi essence 
following implementation of the numeracy test, which was designed to recruit students with 
requisite computation skills, lecturers continued to be perplexed by the extremely poor calculation 
skills demonstrated by many students. What follows is a description of the general presentation of 
word problems, formulae and equations used in the programme. The general performance of 
students on dosage calculation assessments between 1995-1997 will be discussed in the next 
section. However where a formula was changed during this period, in an attempt to accommodate 
the poor computation ability of students, this is highlighted.
34
Conversion of SI units of weight and volume
This aspect of the programme commenced with an explanation of key factual information, i.e. the 
fundamental conversions that need to be commonly made in clinical practice.
a) 1 gram (g) = 1000 milligrams (mg) and vice versa
b) 1 milligram (mg) = 1000 micrograms (meg) and vice versa
c) 1 litre (L) = 1000 milliliters (ml) and vice versa
Students were taught a series of rules used for performing these conversions. For example:
• To convert grams to milligrams multiply by 1000
• To convert milligrams to grams divide by 1000
This was followed by a description of the rules for multiplying and dividing using multiples of 1000 
in the decimal system:
• To multiply by 1000 move the decimal point 3 places to the RIGHT
=> 1.0 x 1 000 = 1 . Ov Ov Ov 0 = 1 000.0
• To divide by 1000 move the decimal point 3 places to the LEFT
=> 1 000.0^ 1000 = 1 ^0^0^0.0 = 1.0
Students were given a range of examples typical of the conversions of SI units of weight and 
volume experienced in clinical practice, e.g.:
• Convert 1 litre to miUilitres (commonly used where the doctor will prescribe 1 litre of fluid for 
intravenous infusion, and the pharmacy will dispense infusion fluid labelled as 1000 millilitres.
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. Convert 0.1 milligrams to micrograms (the doctor may prescribe 0.1 mg of a drug and the 
pharmacy will dispense the medication bottle labelled as 100 micrograms).
Students manifested a range of mainly conceptual problems on this section which centred upon a 
misunderstanding of the problem to be solved, which commonly resulted in moving the decimal 
point in the wrong direction.
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Use of medication dosage word problems, formulae and equations as a basis for introducing 
oral, injection and intra-venous infusion problems
In common with many of the available textbooks which centre on the topic of medication dosage 
calculations (e.g. Nursing Calculations: Gatford and Anderson, 1998), problems involving 
medications for administration via oral, injection and infusion routes, were introduced at the study 
site in the form of word problems. The methods used to solve these problems centred upon the use 
of dosage calculation formulae and equations derived from the word problem. This process is a 
common component of that described within novice-expert studies (Benner 1984). Benner 
explained that to give beginners entry to new situations they are commonly taught context-free rules 
to guide their action. Students at the study site all took part in injection technique workshops where 
they handled injection equipment (syringes, needles, ampoules etc.) prior to exposure to the word 
problems used in the dosage calculation unit. Subsequently the word problems used at the study site 
attempted to provide context by using words to describe a real situation (for example see Figure 4)
Figure 4: 
A typical injection medication dosage word problem used at the study site
A doctor has prescribed Pethidine 75 milligram, to be administered via 
injection. The pharmacy has dispensed 100 milligram of the drug contained 
in a 2 millilitre ampoule. How many millilitres would you draw up into a 
syringe and inject?
Students were taught dosage calculation formulae derived from the word problems. This was aimed 
at facilitating extraction of key information in the word problem (highlighted in colour in figure 4) 
so that it could be placed in a format for calculation. There are a wide range of formulae used for 
solving the type of problem illustrated in figure 4. Worrell and Hodson (1989) reported that in their 
study of 72 baccalaureate nursing programs in the USA, that there were 48 variations in setting up
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this type of problem. For example a formula commonly described in many medication dosage 
calculation textbooks and cited by many of the mature clinical nurses and lecturers at the health care 
trusts and the college is illustrated in Figure 5.
Figure 5 
A common formula used to solve injection dosage problems
What you
want Volume to be
¥171— 4- *4-9———————— X vv hat its _ drawn up and 
What you've in "" injected 
got
Using the above formula the word problem described in Figure 4 would be set up and solved using 
the equation in Figure 6:
Figure 6: Equation derived from the formula in figure 5
75
— x 2 = 1.5 ml
100
This type of formula was originally used at the study site, however it became evident that many 
students lacked the computation skills to calculate this equation without the aid of a calculator. That 
is many students were unable to divide 75 by 100 as they had failed to master the requisite ability to 
divide an integer (whole number) by a larger integer. Therefore the bio-sciences team decided to 
rearrange the formula that was taught to assist those students who were unable to compute this type 
of equation. This is illustrated in Figure 7.
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Figure 7 
The rearranged formula used at the study site to solve injection dosage problems
Prescribed x Volume dispensed




Using the above fonnula the word problem described in Figure 4 would be set up and solved using 
the equation in Figure 8:
Figure 8 
Equation derived from the formula in figure 5
75 X 2——————————— = 1.5 ml
100
This met with some success as now following multiplication of the two numerators (75 x 2) the 
computation became one of dividing 150 by 100, which many students appeared to find easier. 
Subsequently to retain a common formula throughout the programme the general principles of this 
formula were used to also calculate dosages to be administered via the oral route (i.e., liquid 
medicines and tablets / capsules). The formula for liquid medicines was identical to that for 
injections, and for tablets / capsules the 'volume dispensed dose contained in' was replaced by 
'dispensed dose contained in 1 Tablet'. However rearranging the formula was clearly limited in its 
application. That is where the volume or vehicle that the dispensed dose was contained in was 1
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(e.g. a one millilitre ampoule or one tablet / capsule), then should the denominator of the fraction be 
greater than the numerator (i.e., where the dispensed dose was greater than the prescribed dose), 
then those students who had not mastered the requisite division skills continued to be unable to 
perform the computation.
The calculation of Infra-Venous Infusion (IVI) volume and drop rates
An understanding of IVI infusion volume and drop rate problems, requires the knowledge of a 
number of key facts.
1. Intravenous fluids are designed to be introduced directly into a patient's bloodstream (vein).
2. The type and volume of the fluid to be administered and the time it is to be infused over are 
prescribed by a doctor.
3. The fluid is administered by an infusion set and cannula. The rate of fluid flow can be controlled 
by an electronic infusion pump (requiring a calculation of number of millilitres to be delivered 
per hour to set the pump); or manually by a flow rate regulator incorporated into the infusion set 
(this requires the calculation of the number of drops of fluid to be delivered per minute).
4. When calculating drops per minute it is necessary to know the number of drops per millilitre 
delivered by the infusion set. For example at the health care trusts within the region of the study 
site, three different infusion sets were used. These delivered 15, 20 or 60 drops per millilitre.
At the study site examples of the equipment used when administering IV fluid by infusion were 
demonstrated to students in a clinical skills laboratory. Typical examples of infusion problems 
encountered in clinical practice were introduced as word problems. A word problem used to 
introduce a typical infusion problem is illustrated in Figure 8.
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Figure 8 
A typical infusion medication dosage word problem used at the study site
A doctor has prescribed Glucose 5% 1000 millilitres, to be administered over 
8 hours. The infusion set delivers 20 drops per millilitrc.
1. How many millilitres would you give per hour
2. How many drops would you give per minute
The process used at the study site for extracting key information from the word problem and 
placing it in a format for calculation of IVI volume and drop rates is illustrated in Figure 9.
Figure 9 
Formula & equation used for calculating IVI volume and drop rate in Figure 8
Prescribed volume (ml) 1000 20 Drops per milliliter delivered by infusion set
X 
Infusion time (hours) 8 60 Minutes per hour
Subsequently a two stage process was taught to calculate:
1. Millilitres per hour
2. Drops per minute
The process for calculating millilitres per hour is illustrated in Figure 10
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Figure 10 






The second stage of process used at the study college was to derive the number of drops to be given 
per minute from the answer obtained in figure 10. This is illustrated in Figure 11.
Figure 11 
The calculation of drops per minute
125 „ xx2D = 41.67(42)
drops per minute
Students were taught the standard mathematics convention for rounding up or down when 
calculating drops per minute. As it is impossible to have 0.67 of a drop, the convention of if less 
than 0.5 round down to the next whole number, and if 0.5 to 0.99 round up to the next whole 
number, was applied. The students performance when calculating this section was also generally 
very poor. Computation problems were very common, with many being related to inabilities to 
divide and to use the principle of cancelling to simplify the equation. There were additionally a 
wide range of conceptual problems manifested on this section, with many students incorrectly 
setting up the problem to be solved.
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The medication dosage calculation assessment
The content of the medication dosage calculation assessment was centred on fundamental dosage 
problems observed in clinical practice and a range of questions similar to those contained within the 
dosage calculation programme. Questions varied from group to group and from cohort to cohort. 
However the principles of the skills tested remained consistent across all assessments. The 
assessment was not strictly time limited, however effectively 90 minutes were available for its 
completion. The rationale for this decision was that it was recognised that time-restricted tests were 
inappropriate (Burton 1992). The assessment was completed under examination conditions. 
Calculators were not permitted and while formulae sheets were not provided, students were 
permitted to take their understanding of relevant formulae into the assessment The rationale for this 
was that the assessment was a test of professional skills development and not a test of memory. That 
is the key aim of the assessment was to identify whether students had developed an understanding 
of the problem they were attempting to solve, and hence able to set the problem up correctly. 
Secondly to identify whether the student possessed the computational skills to accurately calculate 
the correct answer without using a calculator. This as calculators were not always available in 
clinical settings. Moreover it was essential that the college assisted students to develop back-up 
skills such that they could check the reasonableness of any answer computed using a calculator. 
Figure 12 provides a selection of questions contained within relevant sections of the assessment.
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Figure 12
Examples of questions included in the 3 sections of the 
medication dosage calculation assessment
SECTION 1
CONVERSION OF SI UNITS OF WEIGHT AND VOLUME 
Convert:
1. 0.5 litres to millilitres
2. 250 millilitres to litres
3. 0.25 grams to milligrams
4. 125 milligrams to grams
5. 1 milligram to micrograms
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Number of drops/ml 
delivered by infusion set
20 drops / ml
1 5 drops / ml
60 drops / ml
Following this overview of the principles underpinning the numeracy and medication dosage 
calculation assessments at the study site, this thesis now continues with Section 1.8. This provides a 
discussion of the general performance and problem comprehension difficulties manifested by 
students during the numeracy assessment, and during the learning of medication dosage calculation 
skills, via didactic transmission teaching methods, between 1995-1997.
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Section 1.8 A discussion of the general computation and problem comprehension 
difficulties manifested by students during the learning of medication 
dosage calculation skills, via didactic teaching methods and word 
problems, between 1995-1997.
• Section abstract:
| Having outlined and discussed the numeracy assessment incorporated into the selection process and 
| the development of the medication dosage calculation programme and assessment at the study site, 
| this section now turns to the problems encountered between 1995-1997 inclusive. Essentially this 
| and the remaining sections of this chapter represent the development of a conceptual framework, j 
| which acts as a springboard for both the generation of the research hypotheses and for the 
| development of the remainder of the thesis.
I This commences with an overview of the mean group scores achieved by four cohorts of CFP j
| students, during the three permitted attempts at the dosage calculation assessment between the |
It I 
period 1995-1997. The usefulness of the data is limited, as during this period only a simple!
quantitative analysis of the results was performed. This was for the purposes of maintaining a j 
record of student performance in this skills area. Nevertheless the data provides an indication of j
trends of student performance over time and illuminates the unfolding problem that continued to I
f manifest itself, despite the introduction of the numeracy assessment. At this point I will introduce 1
i 
I
the principles of misconceptions theory, and define three types of error manifested by students at I
^l
the study site. Here I take some license and demonstrate these error types using illustrative data! 
| collected during the
3j;i
1998 experiment. The rationale for this is that as illustrated in Section 1.7, the typical dosage | 
calculation assessment papers used between 1995-1997 were not designed to elicit and diagnose the |
"errors committed by students. That is students were not requested to show their calculations or|
I 'workings' on these original test papers. I
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I Following this analysis, this section continues with the personal observations that I made during thef
1 I 
1995-1997 period. Typically approximately 40% of students passed the dosage calculation!
%
assessment at the first attempt. Conversely following three attempts at the assessment, 16-33% of j
jjjj
students left the CFP having failed to have achieved this objective. These attempts had been 
J interspersed by both tutorials and periods of clinical practice. My personal observations took place I
I
during a series of individual and group tutorials which I undertook predominantly during the period f 
1995-1997, although some had occurred earlier. During these tutorials three key problem areas 
| began to unfold:
fa) Students were expressing varying degrees of anxiety regarding the medication dosage calculation f
jjj;i;
I programme and assessment, and the use of mathematics generally.
Jib) Students were demonstrating a range of different learning styles when attempting to solve 1J 
(I medication dosage calculation problems. That is approximately 40% of students appeared to have I 
j little difficulty in making sense of the abstract word problems and mathematical formulae used |
| during the lessons; and subsequently achieved 100% at their first attempt at the written assessment. |
I A
| However many other students appeared to favour a more visual and contextualised approach when j 
I attempting to solve these problems. Given that the majority of these students were female, this may j
I Z
I add credence to the claim that many women favour a contextual or relational mode of moral I 
reasoning. |
c) However the most striking observation was that many students who attended the tutorials had |
Hs
failed to develop conceptual models of the dosage problems they were attempting to solve. This §
i 
included students who had by this point progressed to the second and sometimes third year of the |
iS
programme. That is in spite of the lessons, tutorials and periods of clinical practice, these students §
were failing to make connections between abstract classroom theory and concrete clinical practice. |
I 
In essence, given the amount of effort being put into teaching and learning dosage calculation skills |
.. . ... , ,,———————'WWM^
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I by both lecturers and students respectively; and the relatively poor results achieved, I began to 
"recognise that a new approach to this problem was necessary. This section concludes with a9, 
I description of some informal experiments I undertook with students experiencing the above 
i problems. Here I drew upon my background as both a science and education graduate and used a| 
; range of montages involving sketches and associated word problems, dosage calculation formulae 
|i| and equations. This was aimed at assisting students to develop requisite semantic connections and § 
i conceptual models of the problems to be solved. Ultimately my observations during this section 
k lead to an analysis of behaviorist and constructivist learning theories in Section 1.9.
i^l;
The general performance of four cohorts of CFP students on the medication dosage 
calculation assessment between 1995-1997
As part of the evaluation process at the college, the lecturer responsible for the pharmacology unit 
collated data regarding student performance on the written dosage calculation assessment. Figure 13 
illustrates a synopsis of the performance of four CFP cohort groups following the implementation 
of the numeracy assessment at selection.
Figure 13 
Percentage of students achieving 100% (Total 30/30) required score
Group
1 (n = 93)
2 (n = 96)
3 (n = 100)





















































For the purposes of comparisons of student performance over time I limited the reporting of these 
results to those students who where appropriate took the opportunity to sit the assessment on up to 
three occasions and completed the CFP. The gradual increase in student numbers over time reflects 
the recruitment of larger cohort sizes during this period. An analysis of the results indicated that:
a) The number of students achieving the requisite 100% at the first attempt consistently ranged 
between 38-44%.
b) Following subsequent exposure to both tutorials and further clinical experience 57-73% and 67- 
84% of students achieved the requisite 100% score on the second and third attempts at the 
assessment respectively. However of critical note is that it was a college policy that if a student 
achieved 9/10 in a section, then he/she was permitted to retry that single problem, as anxiety 
may have influenced the students performance on that single item. Secondly once a student had 
achieved 10/10 on a section, the student was not required to resit that section again. Hence 
students commonly achieved the requisite 100% score over a range of three or more assessment 
sittings. The rationale for this was a recognition that the individual skills assessed in the three 
sections of the assessment commonly develop over time.
c) However given the fundamental nature of the problems to be solved in the assessment, together 
with the fact that the numeracy assessment had now been introduced; it continued to perplex 
lecturers as to why so much additional tutorial time was necessary, and why 16-33% of students 
continued to leave the CFP not having passed the dosage calculation assessment. This amounted 
to between 18 to 33 students per cohort, at two cohorts per year. Moreover many of the errors 
committed by students were conceptual in origin, and in the order of-5 to 625 times the correct 
answer. Such errors not only produced public safety concerns for lecturers and clinical 
colleagues but also created a stigma among the students who had 'failed the test'. These students 
were otherwise bright, keen young people who wanted to be nurses, and who suffered a personal 
sense of failure and loss. Ultimately while students were offered opportunities to 're-sit the test'
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during the branch programmes I was very aware that for many, the CFP was a period of bitter 
memories in this respect.
At this point I will now introduce misconceptions theory and illustrate three error types manifested 
by students at the study site.
Misconceptions theory
Inherent to the central assertions of misconceptions research, is the tenet that novices' conceptions 
commonly differ from those of experts. This especially in the fields of mathematics and science. 
The umbrella term misconception has been defined as a student conception that produces a 
systematic pattern of errors (Smith el al 1993, p. 119). Smith et al reviewed the key aspects of 
misconceptions theory presented within the mathematics and science literature. This centres upon 
the premise that: Students hold conceptions that are different from the presented expert view; 
mathematics misconceptions originate from students prior learning, can be stable and widely spread 
among students, and can be strongly held and resistant to change; misconceptions interfere with 
learning and therefore must be replaced. However Smith et al, question this view and argue from a 
constructivist standpoint that misconceptions represent 'knowledge in transition'. Hence the mere 
documentation of misconceptions does not advance our understanding of learning, or of how prior 
knowledge is transformed into more sophisticated forms. That is as learning involves the gradual 
recrafting of existing knowledge, research should attempt to explain the basis of students' current 
conceptions, and how expert understandings develop.
1 believe that this interpretation of misconceptions theory must be taken seriously in nursing. Not 
least because, as the learning of mathematics is a process of building up knowledge, a gap or a 
misunderstanding can deter future progress (Withnall et al 1984). This position is consistent with 
my observations of student performance during written medication dosage calculation assessments 
and tutorials. We observed three basic types of error committed by nursing students. In terms of the
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Smith et al definition, all three error types were effectively mathematics misconceptions. However 
for the purposes of comparison with previous nursing studies, (Pirie 1987, Shockley et al 1989, 
Blais and Bath 1992), three classifications were defined. These involved:
* Conceptual errors (Lacking understanding of the logic of a problem or setting the dosage 
calculation equation up incorrectly. Basically students had no idea of the problem or the way in 
which to tackle it. This error type will be explored in the second part of this section).
* Arithmetical operation errors (Misunderstanding of arithmetical operations. Basically this 
involved poor understanding of fundamental arithmetical rules, e.g., dividing a fraction 
denominator by the numerator, see figure 14).
* Computation errors (This involved basic errors of multiplication, division etc., and while 















10 mg 2 ml ampoule
Please show your calculations / workings here:
Answer'
Here the student has correctly set up the problem and simplified the equation to 2/5; but has then 
incorrectly divided the denominator by the numerator. This resulting in an answer of 2.5 ml (correct 




I.V. Fluid Prescribed Infusion Number of drops/ml
Name: Volume: Time: delivered by administration set:
Sodium Chloride 0.9% 1000 ml 8 hours 20 drops / ml
a. How many millilitres per hour Answer
Please show your calculations/workings here 
looo f . . z.<L
o 2 z ~-S.
Here the student has set the problem up correctly, but has made a simple arithmetical error of 
division, i.e. has computed 10 divided by 8, as 2 remainder 2. Resulting in an answer of 225 
ml/hour (correct answer 125 ml/hour), representing an infusion time of less than 4.5 hours, as 
opposed to the required 8 hours.
Following identification of these error types it became a key aim of the investigation to: analyse 
the efficacy ofthepre-registration Diploma in Nursing Studies numeracy assessment undertaken at 
selection, in detecting computational skills critical to the solving of fundamental medication 
dosage calculation problems.
This will be fully explored during Section 3.1. At this point I will now turn to the series of 
conceptual and comprehension problems students experienced during the medication dosage 
calculation programme.
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The problem comprehension problems experienced by students during the medication dosage 
calculation programme between 1995-1997
It was during this period that I undertook a range of individual and group tutorials with over 200 
students who were experiencing difficulties during the medication dosage calculation programme 
and assessments. I began making informal 'field notes' of my observations during tutorials, and 
collecting a range of written evaluations of student's experiences. Initially field notes were 'written 
jottings' or 'sketches' made during or shortly after interactions with students, later I audio-taped 
these conversations. Students attending the tutorials, described and manifested three key problems 
associated with problem comprehension during the medication dosage calculation programme.
1. Mathematics anxiety
Many students described how they experienced feelings and perceptions of great anxiety regarding 
the assessment, and the thought and use of mathematics generally. There was no bar to age, as 
students between 18 and 48 expressed similar feelings. It was common for students to express 
feelings of 'shame' at 'not being able to do the test', of 'lack of confidence' and of anger, e.g., 'if 
you want me to do this level of maths why don't you ask for GCSE/O-level maths'. Moreover for 
some students the provision of 'set formulaic methods' for calculating dosage-problems re-invoked 
anxieties which, e.g., 'reminded me of sitting through maths classes in school............! didn't
understand it then, and still don't understand it now'; or 'when I show my boyfriend what I'm 
doing, he laughs at me and says this is easy - then I feel really stupid'. The dosage calculation 
assessment had become notorious among the student body at the study site. At one point it was 
suspected by the leader of the Pharmacology Unit that some students were copying the answers of 
students sat adjacent to them during the assessment. Subsequently to provide evidence to support 
this suspicion the lecturer introduced two different assessment sheets into the classroom. On 
marking the assessment he discovered that one student had provided 30/30 correct answers for Test
2. however she scored 0/30, as she had in fact sat Test 1! I found it tragic that this assessment and
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the topic of arithmetic generally, produced so much anxiety that students were prepared to go to 
these lengths and to risk being excluded from the programme for unfair practice. The issue of 
mathematics anxiety and 'mathephobia', and its relationship to the learning of medication dosage 
calculation skills needed to be accounted for within the investigation, and will be fully explored in 
Section 1.9h.
2. Learning style and preference
It became clear that students demonstrated different preferences when learning numerical concepts. 
Many students who attended the tutorials manifested clear difficulties in understanding dosage 
problems illustrated in an abstract form and commonly favoured a visual and contextualised 
representation of the problem. A high proportion of these students were female, and hence the 
claims by Gilligan (1982) and Turkic and Papert (1993) that many women favour a contextual or 
relational mode of moral reasoning appeared to be substantiated by this observation.
Conversely the students who passed the dosage calculation assessment at the first attempt, appeared 
to have no problem with learning calculation skills via didactic transmission methods and word 
problems. Hence there were clearly a range of learning styles and preferences evident among the 
student body. The phenomenon of learning style and preference needed to be accounted for within 
the design of the investigation, and will be fully explored and analysed within Sections 1.9 i and 
Chapter 2.
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3. The development of conceptual models and the relationship between abstract
mathematical formulae and concrete elements situated in clinical nursing practice
Most of the students attending the tutorials demonstrated naiviry regarding what the contexrualised 
medication-dosage calculation word problems, and formulae, actually represented in clinical 
nursing practice. It gradually became apparent that there existed a theory-practice divide. 
Discussions with more senior students who had passed the assessment, revealed that a number felt 
that the lesson had prepared them to 'pass the test', but 'was difficult (but not impossible) to relate 
to the wards'. This echoed the previous findings by Rees (1998) who reported the negative opinions 
of newly registered nurses regarding how well they had been prepared for undertaking medication 
administration duties on 'Going into Blue', a reference to the Staff Nurse's uniform colour. 
Similarly Hutton (1998) reported that many students suggested that classroom mathematics did not 
make sense until used in the clinical area.
These findings support claims from general education sources suggesting that manipulation of 
abstract symbols in isolation, divorces mathematical operations from reality. There is a growing 
body of b'terature which suggests that teaching purely in the 'abstract', especially in the field of 
mathematics, results in development of knowledge which is 'brittle' in character, and usable only in 
the exact contexts in which it was learned (Hofstadter 1982, diSessa 1983, Schoenfeld 1985). 
Conversely the presence of physical objects in the environment renders numerical tasks more 
meaningful for some learners (Reed and Lave 1981, Carraher et al 1985, Noss et al 1998). Again 
this reflects a noticeable divide between classroom taught theory and practice. There have been 
recommendations that schools of nursing should emphasise instruction in problem-solving that help 
students to conceptualize and set up problems correctly (Blais and Bath 1992, Carrwright 1996). 
However to date there had been little attempt to suggest how this might be achieved.
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At this point it is necessary for me to clarify what I mean by the term 'concrete' and to lay a 
foundation for its use during the remainder of the thesis. Wilensky (1993) argued that standard 
definitions of the term 'concrete' are flawed and inadequate, and should not be reserved solely for 
tangible objects that can be felt or touched etc.. In subscribing to the view of Uri Wilensky, I use the 
term 'concrete' to describe simplified simulations and digital photographs of objects, that allow 
individuals to 'visualise (or if you will, sensorize) an object, to pick it out from a particular scene or 
situation (Wilensky 1993, p.l94)'.
Returning to my previous observations it became apparent that these students had no, or at best 
vague conceptual models of the medication-dosage calculation problems presented to them. This 
problem commonly manifested itself in the form of the third type of error observed at the study site. 
That is a conceptual error (lacking understanding of the logic of a problem or setting the dosage 














10 mg 1 ml ampoule
H||se show youncalculations / workings here:
Answer
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Here the student has failed to grasp the logic of the problem to be solved and has incorrectly set the 
equation up as dispensed volume (1 ml) multiplied by the dispensed dose (10 mg); the product of 
which has been divided by the prescribed dose (2.5 mg). This resulting in an answer of 4 ml (correct 
answer 0.25 ml). This representing 16 times the prescribed dose (a dose of 40 mg). This was all the 
more worrying as although students were not provided with formula sheets, they were permitted to 
lake their understanding of the formula into the assessment with them.
Hence in addition to evidence of computation errors, there was also evidence (in the total absence 
of calculator use, c/f Shockley et al 1989), of a marked misunderstanding of the basic word 
problems to be solved. This phenomenon was also noted by Hutton (1998) who found that nursing 
students seemed to have difficulty in conceptualizing problems and forming a numerical calculation 
from the words. Similar findings have been reported among nursing undergraduates in the USA, 
where in an analysis of errors committed by 66 baccalaureate nursing students on a written dosage 
calculation assessment, 68% of errors were conceptual in nature; these taking the form of students 
not knowing how to set the problem up correctly or in what form to administer the medication 
(Blais and Bath 1992).
The use of montages to assist students to develop relevant conceptual models of dosage 
calculation problems.
During the period 1995-1996 1 started exploring a different approach to teaching medication dosage 
calculations. The pivotal turning point for me began during a series of Caring and Therapeutic 
Intervention (CTI), Theory to Practice (TPU) clinical placements (I have previously outlined the 
essence of the TPUs in Section 1.6 and Appendix I). During this period I had become particularly 
attuned to the problems manifested by students in the dosage calculation tutorials, and therefore 
began focusing on these skills during supervision of students on clinical placement.
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The three student groups I supervised during this period were allocated to an integrated medicine 
ward (medicine and care of the elderly). Throughout the four week allocations 1 selected patient 
case loads that not only facilitated opportunities for fundamental nursing skills development, but 
also offered a wide range of medication administration opportunities to the students. This involved 
calculation, preparation and administration of a wide range of tablets, liquid medicines, sub­ 
cutaneous injections of insulin and heparin and intra-venous infusions. The rotational position of the 
student groups varied within the TPU cycle, with some groups having undertaken the medication 
dosage calculation programme and assessment prior to the placement, and some following the 
placement.
However what perplexed me was that irrespective of whether the theory or the experience came 
first, many students struggled with linking one with the other. Throughout the four week allocations 
1 both worked through actual dosage problems with individual students, and arranged for the 
students to accompany ward staff on the drug rounds. Where the theory had preceded the 
experience some students had great difficulty even recalling the formulae they had been exposed to 
in the classroom. One student, Karen a 19 year old who had passed the assessment two -weeks 
previously and whose brother was in the third year of a previous cohort at the study site, told me 
during an attempt to recall the formula for calculating intra-venous drop rate, that (extract from field 
notes):
I know it's important but there's just so many numbers and things to remember...when 
1 was doing the dosage calculations (programme) 1 asked my brother to help me...he 
told me that he couldn't remember the formulas either and that most people saw it just 
as a hurdle you've got to get over in CFP...and then you just move on.
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This problem of linking theory with experience appears to support the view that teaching purely in 
the 'abstract', results in development of knowledge which is difficult to apply and generally usable 
only in the exact contexts in which it was learned. Where the experience had preceded the theory I 
was perplexed to discover that many of the students continued to fail at least two sections of the 
written assessment. This appeared to support the observations of Lave (1988) who reported that 
'just plain folk' were commonly unable to draw on their perfectly adequate arithmetic skills used 
when grocery shopping, to answer similar problems in a written test. A point which was to be later 
described as an inability by non-mathematicians to draw upon everyday orientations in order to 
construct mathematical orientations (Noss et al 1 998).
I had observed this phenomenon at first hand. However it was to be the experience of working with 
groups of students who I had previously supervised on a CTI placement, that was to mark a pivotal 
point in the formation of a hypothesis, regarding why some students, were having difficulties in 
making connections between classroom theory and clinical practice. In terms of the collaborative 
nature of the action research process I was to learn as much from these students as they were to 
learn from me.
A common feature of many students' comments when describing their experience of the dosage 
calculation lesson was 'I can't see what he was saying...', 'I just don't see what she was getting at' 
or ' no I still don't see it...'. For a long time 1 took these comments as colloquialisms and quite 
frankly, ignored them. However on one occasion I had been approached by four students who had 
on most occasions correctly calculated a range of medication dosages and IV infusion rates when 
working with me during the CTI placement. They had then undertaken the medication dosage 
calculation programme and had all been referred on at least two sections of the assessment. Now 
they were requesting additional support to assist them to 'pass the test'. One student, Sharon, 
claimed that '1 could sort of do the maths on the ward.,.1 can't tell you how 1 got the answer...but 1
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did get it like you saw'. However she had then, in common with the other three students, 
experienced great difficulty in understanding the word problems and formulae covered in the 
programme. An analysis of this student's written assessment confirmed this problem. For example: 
prescribed dose 75 mg, dispensed dose 20 mg, contained in a 2 ml ampoule; how many 
millilitres[ml] should be injected? Correct answer = 1.5 ml (logically the answer must be less than 2 
ml), yet the student's answer was 750 ml. This student had set the problem up in an identical form 
to that illustrated in Figure 16. What follows is an extract from the tutorial I undertook with these 
students (extract from field notes):
The tutorial was held in a small classroom and 1 was working through the Injection Section of the 
dosage calculation assessment the students had sat. I was writing on a white board with coloured 
markers, and working through a word problem and the formulae used for calculating injection 
dosages.
Keith: In this question we have: prescribed dose aminophilline 200 milligrams and dispensed dose 
250 milligrams contained in 10 millilitres...how much aminophilline do we give? OK now what's 
the formula used to solve this problem?
Becky, one of the students, told me that the word problems confused her, and that she 'couldn't get 
her head around things like prescribed dose', and 'what does 250 milligrams in 10 millilitres 
mean...which bit goes where in the formula...! just don't see what those things mean'. The other 
three students were nodding in agreement. I was surprised at this comment as we had worked 
through similar problems to this during the clinical placement. However it soon became apparent 
that these students had failed to form conceptual links between the experience and the theory. 1 sat 
and for the first time, took stock of the situation, and read through the word problem again:
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Prescribed dose: Aminophylline 200 mg. I recognised that when I read or taught students a word 
problem like this that / vaguely 'saw' or visualised a prescription chart in my mind - but could the 
students conceptualise these 'concrete' images for themselves?
Keith: When I say prescribed dose...what does that mean to you?
Becky: 1 don't know...l mean I suppose it's what the doctor prescribed for the patient.
Keith: Yes that's right...it's what's prescribed on the prescription chart.
Becky: You mean the sheet that's kept at the bottom of the bed.
Keith: Yes...try and visualise it in your mind...Now when I say dispensed dose 250 milligram in JO 
millilitres....vf}\at does that mean to you...what do you see... 1?
On taking stock of this I 'saw' an ampoule of Aminophylline, labeled 250 milligram in 10 
milliliters.
Becky: Nothing...I'm sorry 1 just don't see what it means.
Keith: What about the rest of you...Sharon?...Susan?...
Sharon: Well I suppose it means the ampoule...does it?
Keith: Yes...that's it....can you imagine it...can you see it in your mind?
Sharon: Well...sort of..but Becky's right I don't really see where the dispensed dose and contained 
in come from.
Further discussions with the students suggested that a dichotomy existed between the 'expert' and 
'novice' understandings, of the logic underpinning the solving of these word problems. I 
subsequently discussed this idea of mentally 'visualising' concepts when teaching, with my
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colleagues within the bio-science team. In essence we all 'saw' variations upon a theme. For 
example Jane explained that if an answer to an injection problem was 'one miUilitre' of a dispensed 
'two millilitre ampoule', then she 'saw half an ampoule' in her mind. Ultimately as experienced 
practitioners we all had constructed our own mental models of the problems to be solved. However 
it appeared that difficulties arose when attempts were made to 'transmit' these concepts via word 
problems, to students who had yet to construct their own adequate models and/or form semantic 
connections with the words and numbers used to represent them in formulae and equations. 
Subsequently the resultant difficulties created a very real theory practice divide for these students.
That is it appeared that these students had commonly failed to make the connections between theory 
and practice, or to follow the 'expert' problem-solving process illustrated in the classroom. Newell 
(1990, Chapter 4) used the term 'chunking' to describe how people learn from experience. That is 
commonly following 'trial and error', once a problem has been successfully solved, the solution 
strategy is 'stored' in the long term memory, ready to be retrieved when a similar problem is next 
encountered. Newell's complex cognitive theory suggests that the problem solving techniques 
derived from experience and used by experienced people were based on three basic premises. First 
individuals experienced in solving problems within a given domain, are able to cognitively frame 
problems in such a way as to initiate a solution strategy. Second once a problem has been framed, 
the individual is able to draw upon a wide range of domain-specific rules, which specify action(s) to 
be taken. Finally where a problem is familiar to, and can be framed by the individual, specific 
rule(s) can be selected and directly applied for solving the problem. However it emerged from 
discussions with these students, that they had generally failed to connect their past problem-solving 
experiences in the clinical area with the classroom theory; and additionally they had failed to follow 
the logic of presented word problems, and the problem-solving process being demonstrated in the 
classroom. A comment by Sharon illustrates this point (extract from field notes):
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Like I said...there were words like prescribed over dispensed...and then suddenly we 
were using numbers and a formula....but I couldn't see where they came from...and it 
wasn't just me...we were sat there and everybody was looking at each other...and there 
were blinkers coming up with lots of people.
This problem comprehension difficulty was to be re-iterated in the interviews following the clinical- 
based investigation, and is not surprising given the start-point frame of reference of many students. 
For example in pre-nursing life, as lay people, if they took paracetamol, the box reads take 2 tablets 
every 4 hours, and not take 1 gram or even 2 x 500 milligrams. I hypothesised that in terms of 
Newell's theory, lecturers (including me) seemed to be drawing upon domain-specific ideas, 
concepts and rules - that students had no visual access to, as such concepts were hidden from view 
(i.e. they were individual mental constructions of the lecturer), that were subsequently presented to 
students in an abstract word-problem form. The definitions of 'concept' and 'construction' as used 
in this thesis will be formally discussed in Sections 1.9 and Chapter 4. However I will introduce the 
point here, that from a constructivist standpoint, knowledge cannot be 'transmitted' from person to 
person. That is it can only be 'self-constructed' by the individual.
As previously discussed Hutton (1998a), explained that medication dosage calculation problem 
solving skills appeared to develop over time, as the student was exposed to more and more clinical 
practice. This observation tends to support the theory suggested by Newell. However given my 
observations at the study site I was interested in both narrowing the theory-practice divide, and by 
definition wished to extend the work of Hutton (1998a) by setting a foundation early in the 
education programme for the development of conceptual models of medication dosage problems.
Hence the main thrust of my attention now turned to the premise that for these students, if the 
dosage calculation formulae taught in the classroom were to have any practical use in the clinical
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areas, that a bridge had to be constructed between the two - by individual students themselves. That 
is as lecturers, if our teaching was to be of any practical use, then we had to assist these students to 
construct conceptual models of both the formulae and equations and the 'real life' features of 
dosage calculations. Hence literally, drawing upon the learning theory of Bruner (1975) and the 
process of 'cognitive apprenticeship' (Collins et al 1989), I began using a series of montages to 
assist students to develop a conceptual model of both the: 'abstract and symbolic" word problems, 
formulae and equations used in the classroom, and the 'concrete iconic' prescription charts, 
ampoules and tablets etc. they represented in clinical practice. Cognitive apprenticeship describes a 
three stage process whereby hidden expert cognitive skills (in this case medication dosage 
calculation problem solving techniques), are externalised to the student. Such that the students have 
access to both the 'nuts and bolts' of the problem solving process, and have increased opportunity 
to construct relevant concepts for themselves. This process will be fully explained in Sections 1.9 
and 2.2. However an example of how externalised iconic and symbolic features were presented to 


































































Essentially this montage was gradually built up like pieces of a jigsaw, starting with the sketches of 
the prescription chart, and the ampoule illustrating the weight: volume ratio of the drug dissolved in 
the liquid. At the mention of weight: volume ratio, I was met with a set of blank faces. 1 went to the 
staffroom down the corridor and brought back a 1 gram (1000 mg) sachet of sugar and a 1 litre 
(1000 ml) capacity glass measuring jug, and proceeded to pour a 'mound' of sugar into the water, to 
illustrate the concept of weight : volume ratios. Next the key elements of 'prescribed dose', 
'dispensed dose' and 'volume the dispensed dose is contained in', were 'mapped onto' the 
respective numbers located within the equation, using relevant coloured arrows. The students were 
prompted to solve the problem and calculate the number of millilitres to be drawn up into the 
syringe and injected as the various stages of montage construction unfolded. This process is 
underpinned by an education theory, which will be discussed in Section 1.9. However 1 will limit 
the discussion here to the students perception of the process. I asked the four students to provide a 
verbal and short written evaluation of the tutorial. All students evaluated the tutorial very positively 
and Sharon wrote:
I found this session really helpful. For the first time 1 could see what the words and 
numbers meant. They really stuck in my mind and 1 feel a lot more confident about 
doing the test now.
Three out of four of these students went on to score 100% in the medication dosage calculation 
assessment. The student who was referred, set all the problems up correctly but demonstrated poor 
computational ability particularly in the area of long division, and required a great deal of tutorial 
support to assist her in developing this skill. Over the ensuing months 1 undertook a range of 
tutorials with students who had been referred on the assessment. When questioned, most students 
felt that 'seeing the drug and the volume in the ampoules' etc., particularly when mapped onto the 
relevant words in the formula and numbers in the equation, helped them to come to a reasonable 
answer. During this period 1 strengthened my opinion that these students understanding of dosage
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problems was strongly influenced by the concurrent visualisation of both iconic and symbolic 
components of medication dosage problems. However if this theory was to influence education 
practice, then a more rigorous and comprehensive investigation was first required. That is:
a) I needed to provide a strong education argument as to why this process should be adopted. That 
is, why the established transmission model in use at the study site should be combined with what 
at the college, at that time, was a generally poorly understood constructivist approach.
b) I would require solid empirical evidence that the process assisted students to develop the skills 
necessary to solve written dosage calculation problems, and more importantly that it informed 
clinical practice.
c) Given the limited curriculum time apportioned to the teaching of medication dosage calculation 
skills, the process would need to be economical in terms of lecturer : student contact time. 
Moreover it was essential that students should be actively involved in constructing their own 
knowledge and hence a more interactive process needed to be adopted.
Each of these points will be addressed in the remainder of this thesis. At this point however 1 turn to 
the first of these issues and more formally discuss the behaviourist and constructivist approaches to 
learning. The rationale for this was that 1 intended to more formally explore the relationship 
between exposure to teaching methods that were underpinned by behaviourist and constructivist 
approaches, and student's subsequent learning and understanding of dosage calculation problem 
solving skills.
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Section 1.9 A review and evaluation of literature relevant to the
development of a new education framework to underpin 
a foundation for learning medication dosage calculation 
problem solving skills, and the development of a 
computer-based 'Authentic World' learning environment:
Section abstract:
I Having discussed the didactic transmission method used at the college, and its potential influence
| upon many students' understanding of dosage calculation problems, I now turn to the rationale for 6 
I introducing a constructivist approach to teaching and learning these skills. To place this in context 11
!j: : -
| will initially recap on the factors contributing to the problem comprehension difficulties
I experienced by students attending tutorials at the study site. Observations and interactions with
I
ifI these students revealed that a key area where they appeared to be experiencing difficulties was in
I I 
| developing conceptual models of dosage calculation problems. That is: |
I 1. Understanding the word problems presented to them in the classroom. |
12. Following the expert problem-solving strategies presented in the classroom. |
13. Linking word problems/formulae with experience and experience with word problems/formulae. |j 
| Subsequently while there had been positive responses to the use of contextualsed montages, by a 1
I . ,;f
I small sample of these students, I recognised that a more comprehensive theoretical perspective on ,:
i«i
jthe problem needed to be developed. This required an analysis of the epistemology, ontology and| 
methodological differences between the behaviorist and constructivist approaches to learning. This | 
section commences with a review and critique of the absolutist and fallibilist philosophies off 
mathematics learning. I
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iThrelfall (1995) draws an'analogy between a neo-behaviorist and transmission education approach 
and the absolutist philosophy; and a constructivist educational approach and the fallibilistj 
philosophy.
This view is extended by Ernest (1995) through an association between beliefs about mathematical 
knowledge, and relevant teaching method characteristics:
Absolutist teaching FallibHist teaching
Behaviorist approach 1 Constructivist approach
Clear and coherent presentation 2 Self discovery
Student practice and exercises 3 Real world examples and problems
Emphasis on 'content' 4 Emphasis on 'process'
These two philosophies are subsequently considered in terms of Reese and Overtons' (1970) model 1
I 
of the mechanistic and organismic world views. In turn these views are critiqued in respect of their f
I 
[association with the individual approaches to learning advocated by the neo-behaviorist and If
constructivist schools of contemporary learning theory. Ultimately given the difficulties that many f
f H [students appeared to be experiencing following exposure to teaching methods underpinned by a|
| behaviorist transmission approach, I set out a case for the additional introduction of a constructivist f 
| approach.
(Following an initial overview of constructivism, this is followed by an analysis of 'concept)
| formation' (von Glaserfeld 1987), and of linguistics applied to the learning of word problems (dej
i L 
Saussure 1959, von Glaserfeld 1987). Subsequently the idea of schema construction is discussed |
[(Piaget 1954, 1983; Rumelhart and Norman 1978). These theories are then applied to conceptual)
model development of medication dosage calculation problems, and operationalised via an eclectic I
I model drawn from the work of (Bruner 1975, von Glaserfeld 1987, Lave 1988, Collins et al 1989, jj
Ernest 1995, 1996). The remaining two problems revealed during tutorials that are relevant to the|
learning of dosage calculation skills are discussed at this point: jj
IMMWB!!:.::•'..•-..: .....,".' .'•••••'••• •"•• :••-'•• :• • •'•^:':.^.i;ia,!*^^
69
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(First the theoiy of Cognitive Style in Mathematics (Bath, Chinn and Knox 1986), is reviewed in I
! I1 respect of suggested associations between learning styles and preferences and the behavionst and*
Iconstructivist approaches' and second the phenomenon of mathematics anxiety and 'mathephobia' if
I 1 | are discussed in terms of informing the design of the education programme. Ultimately this model |
j serves as a framework for the design of a computer based 'Authentic World' learning environment. I
I This is formally discussed and illustrated in Chapter 2 of the thesis. It
Introduction
How lecturers perceive knowledge and their beliefs regarding the process of how individuals 
develop knowledge, provides the basis for their educational practice. If as lecturers we believe that 
learners passively receive information then our priority in education will be knowledge 
transmission. Conversely if we believe that learners actively construct knowledge in their attempts 
to make sense of their world, then the education process will emphasize the development of 
meaning and understanding (Murphy 1 997).
In developing an education paradigm for the learning of medication dosage calculation problem 
solving, it is necessary for me to explore and set out a relevant:
4 Epistemology: i.e. a theory of philosophical positions regarding the grounds of knowledge, 
including a theoiy of individual learning.
» Ontology: i.e. a theory of existence concerning positions regarding the status of the world.
* Methodology: i.e. a theory of which methods and techniques are relevant given the adopted 
epistemology and ontology.
I begin this with a discussion of two key philosophies of mathematics education.
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1.9 a The absolutist and fallibilist philosophies of mathematics
Threlfall (1995) and Ernest (1991, 1995a), provided a critique and expose of the absolutist and
fallibilist philosophies of mathematics. 1 draw freely upon this critique during this section, and 
present my intention to investigate whether a learning and teaching approach underpinned by a 
fallibilist philosophy and constructivist approach, would aid students develop relevant conceptual 
models of dosage problems, and facilitate solving of dosage calculation problems.
The absolutist philosophy of mathematics views the subject as a certain and incorrigible body of 
knowledge that is objective, absolute, and which rests firmly on the foundations of deductive 
knowledge. Such an approach promotes the view of mathematics as pure isolated knowledge which 
is both value- and culture-free. Many mathematicians are drawn to the subject precisely for the 
objectivity that such a pure discipline provides. However this philosophically sanctioned image 
enforces the widespread public image that mathematics is abstract, remote, atomistic and 
inaccessible to all but those with a 'mathematical mind'. Therefore this view is commonly 
communicated in schools by giving students mainly unrelated routine mathematical tasks, which 
involve the application of learned procedures, and in some cases results in 'mathephobia' (Ernest 
1995).
Maxwell (1988, pp.31-32) launched a scathing attack on this absolutist approach, stating that 
mathematics lends itself particularly to an authoritarian teaching approach which fosters fear and 
panic, and which is underpinned by a series of formal examination systems. Maxwell goes on to 
suggest that these examination systems not only dominate curricula but introduce inappropriate time 
constraints. Subsequently many people trace their unhappy memories of mathematics to their early 
years when they were required to give rapid mental answers. From a cultural perspective such a 
philosophical approach promotes 'separated values'. This position proffers and reinforces
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abstraction, impersonality and dispassionate reason, a philosophy which Gilligan (1986) argued is 
consistent with the stereotypical masculine values common in western Anglophone countries.
Conversely the fallibilist philosophy of mathematics emphasises the human side of mathematics. 
Here mathematics is understood to be fallible, open to revision, and associated with sets of social 
practices and the phenomenon of ethnomathematics. This position is associated with a human, 
personal, collaborative and creative approach, which is related to human situations (Ernest 1995a). 
This view was advocated as desirable by the Cockcroft Report, within which there was a call for 
mathematics education to be made accessible, personally relevant and creative (Cockcroft 1982). 
From a cultural perspective such a philosophical approach promotes 'connected values' and 
reinforces relationships, connections, holism and human-centeredness; a philosophy which Gilligan 
(1986) argued is consistent with stereotypically feminine values. Figure 18 illustrates a simplified 
model of the relationship between these philosophies of mathematics, associated personal values 
and classroom images of mathematics (adapted from Ernest 1995a, p.34).
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Figure 18
Two PhHosophies of Mathematics
Absolutist Philosophy FaUibilist Philosophy
of Mathematics of Mathematics
* 1

























Previously Ernest (1991) argued that teachers' persona] philosophies of mathematics, coupled with 
the constraints and opportunities presented in the social context of their practice, gives rise to their 
realized theories of teaching and learning. It is my contention that the absolutist philosophy 
predominated during the traditional teaching of dosage calculations at the study site. One student's
73
written evaluation on the teaching of dosage calculations by separated and didactic methods, was 
illustrative of the perceptions reported by many learners:
...I felt like I was back in school, I hated maths then. I just didn't understand what pie 
(sic) and all those numbers meant in real life and this is just the same. 1 didn't 
understand it then and I still don't understand it now. I just hate these drug calculation 
sessions. I feel sick every time I know one is coming up.
Yet what perplexed me was that the abstract, separatist and transmission approach that we were 
using at the study site for teaching dosage calculations, appeared to support the learning of some 
students but not of others. Therefore I set out to explore this problem further and to design a 
learning environment based upon a fallibilist and constructivist approach to learning. Ultimately my 
intention was to compare the relationship between exposure of students to transmission and 
constructivist strategies, and their learning of dosage calculation problem solving skills. The next 
stage in this theory development process was to explore the behaviorist and constructivist 
approaches to learning, and the suggested learning styles and preferences associated with these 
learning theories. I begin this discussion by drawing an interface between the absolutist and 
fallibilist philosophies of mathematics teaching, and a model of mechanistic and organismic world
views.
Mechanistic and Organismic World Views
Reese and Overton (1970) proposed that any theory presupposes a more general model according to 
which its theoretical concepts are formulated. Reese and Overton categorised general learning 
theories into two developmental models. These are based upon the mechanistic and organismic 
world views, associated with the physical and social sciences. The basic structure of each model I 
contend subserves the individual approaches to learning associated with the behaviorist or 
transmission and constructivist schools of contemporary learning theory respectively.
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The mechanistic model represents the universe as a machine composed of individual elements 
operating in a chain like sequence of events; which theoretically are completely predictable in their 
outcomes, due to the mechanistic nature of their function. When applied to the development of man, 
the model represents the individual as detecting stimuli from his environment via his sensory 
receptors and reacting to such stimuli with observable behaviour and or secretions from glands. 
Hence learning when viewed in this way is highly structured, mechanical and measurable, as
a characteristic of the machine, and consequently of the universe represented in this 
way, is that it is eminently susceptible to quantification (Reese and Overton 1970, 
p.131).
This world view I contend is generally analogous with the absolutist philosophy of mathematics 
education, and a neo-behaviorist and transmission approach to teaching and learning.
In contrast the organismic model represents the universe as a unitary, interactive and developing 
organism. Here the emphasis is placed upon the whole as opposed to the sum of the individual 
mechanical elements or parts. When applied to the development of man this model represents the 
individual as an intrinsically active organism, rather than an organism simply reacting to stimuli 
from the environment. Man is viewed as a source of acts rather than a collection of acts initiated by 
external forces. In terms of learning
the individual who accepts this model will tend to emphasise the significance of 
processes over products, and qualitative change over quantitative change. In addition, 
he will tend to emphasise the significance of the role of experience in facilitating or 
inhibiting the course of development, rather than the effect of training as the source of 
development (Reese and Overton 1970, p. 134).
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This world view I contend is generally analogous with the fallibilist philosophy of mathematics 
education and a constructivist approach to learning.
Having outlined these two general developmental models, this section now continues with a general 
definition of learning theories, and a critique and evaluation of the behaviorist and construcrivist 
theories of learning.
Definition of learning theories
Bigge (1982) claimed that a learning theory is a systematic integrated outlook, regarding the nature 
of the process whereby people relate to their environments, in such a way as to enhance their ability 
to use both themselves and their environments more effectively. Bigge claimed that the way 
educators build curricula, select materials, and choose instructional techniques depends, to a large 
degree, upon how they define learning. Hence a theory of learning may function as an analytical 
tool, being used by its exponents to judge the quality of a particular situation. Within this context I 
will now present an analysis of the behaviourist and constructivist approaches. Given the difficulties 
many students experienced in developing conceptual models of dosage problems, I will set out my 
rationale for adopting a constructivist approach, as the basis for the design of an environment for 
assisting students to develop these models.
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1.9 b Behaviourist & neo-behaviourist approaches to learning
Early behaviourist theories deliberately avoided any speculation regarding internal cognitive 
processes. Rather they concentrated on what could be predicted about an animal's behaviour, this 
based upon knowledge of its current situation and observations of its past learning. Experiments 
revealed that a range of habits could be developed through stimulus-response 'conditioning'. 
Thorndyke coined the term 'instrumental conditioning' to describe the coupling of desired 
responses with satisfying outcomes, while Pavlov used the term 'classical conditioning' to describe 
how animals can learn to anticipate events through an association with signals or cues.
More recently Gagne's approach to learning has been described as neo-behaviorist (Curzon 1985), 
due to its development from a modified form of the early behaviorist doctrines of Thomdyke, 
Pavlov, Watson, Guthrie and Skinner. In line with the mechanistic model described by Reese and 
Overton (1970), Gagne's approach to learning is highly structured, organised and emphasises the 
importance of elucidating observable and quantifiable (measurable) learning outcomes. Accordingly 
Gagne (1985) has mainly utilised this approach in the instructional design and methodology 
required for competency based education. This approach was typical of the highly structured 
transmission model used for the teaching of dosage calculation skills at the study site. As previously 
described the key emphasis during the dosage calculation programme was placed upon presentation 
and transmission of word problems, formulae and equations. Moreover this was typical of the 
presentation of material in many of the medication dosage calculation textbooks currently available.
Pendleton and Miles (1991, p. 12) claimed that the emphasis of the behaviorist approach to learning
is on
the specific end products of learning rather than the processes of learning. Product here 
is interpreted as referring to the students observable and measurable performance as 
pre-specified by behavioural objectives.
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Behaviorism as an approach to learning has been criticised for its concentration on lower order 
skills, extrinsic values and the learning of facts. Condell and Elliott (1989) stressed caution in the 
use of the Gagne theory of instruction in nurse education. This argument was based on the potential 
implications of the Gagne theory for favouring one learning-style, and as an inadequate 'total 
strategy' within problem-solving skill development. Condell and Elliott argued that the 'step by 
step' progression through the 'conditions of learning' strongly favours Pask's (1976) serialist style, 
whilst being mismatched with those students who prefer a holistic style. Furthermore Marton (1988) 
claimed that atomistic and sequential structuring of information (typical of the analytic-serialist 
style) is most prevalent in surface approaches to learning and the learning of facts. Ultimately this 
supports the argument that the product model and use of behavioural objectives, concentrate on 
lower-order skills. In consequence, to totally rely upon the behaviorist approach to learning, would 
both potentially promote a surface approach to learning, and disadvantage students favouring a 
more holist style. This argument will be returned to later in this section when learning style is 
addressed more fully.
Nevertheless despite all these arguments the highly structured transmission method used at the study 
site appeared to support the learning of approximately 40% of students, sufficiently to achieve 
100% during their first attempt at the written medication dosage calculation assessment. However 
these percentages must be viewed in the context that should students score 90% in any section, they 
were given the opportunity to retry the one question in that section that was answered incorrectly. 
Moreover as previously discussed I had observed students in clinical practice who had achieved 
100% in the assessment, yet could not recall some of the formulae taught in the classroom; and had 
generally failed to connect classroom theory with key elements of clinical practice, while evidence 
from a previous investigation of newly registered nurses at the study site, reported that they felt that 
they had not been sufficiently prepared during the pre-registration period to perform medication 
dosage calculation and administration duties (Rees 1998). These observations support the
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suggestion that even for those learners who passed the written assessment, the behaviorist 
transmission model promoted a surface approach to learning, and was an inadequate 'total strategy' 
within the problem-solving skill development process.
Subsequently, in support of Condell and Elliott (1989), it has been concluded that a whole nursing 
curriculum based on the behavioural objectives model would imply a training rather than an 
education (Pendleton and Miles 1991). As previously discussed the behaviorist approach has been 
linked to an absolutist philosophy of mathematics, which it has been suggested, proffers separated 
values and reinforces abstraction, impersonality and dispassionate reason. Thus behaviorism 
encourages students to learn that mathematics is a 'one-way-subject' - the teachers way (Neyland 
1995). Hence with such an approach promoting the view of mathematics as pure isolated 
knowledge which is both value- and culture-free, it was my contention that the approach is 
inconsistent with assisting nursing students to construct their own conceptual models of dosage 
calculation problems. Moreover placing an emphasis upon mathematics as being culture-free, 
reinforces the belief that it is an abstracted body of knowledge with no application to clinical 
nursing practice - outside of 'passing tests' or as a means to 'getting through the course'. Hence 1 
contended that the constructivist approaches form a more appropriate framework within which to 
assist nursing students to develop relevant conceptual models of dosage calculation problems.
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1.9 c Constructivist theories of learning 
Introduction
As a starting point it is useful to consider what constructivism is not. Constructivism does not mean 
that understanding is built up from received pieces of knowledge (Ernest 1997). The basic premise 
of constructivism is that human knowledge develops as an active, constructive process, through 
which individuals build more advanced knowledge from prior understandings (Smith et al 1994, 
Fox 1997). Its first principle is that knowledge is not passively received but actively built up by the 
individual (von Glaserfeld 1989). The process is seen as 'recursive', that is the building blocks of 
understanding are themselves the product of previous acts of construction (Ernest 1997).
There are seven paradigms of constructivism. Ernest (1995b) claimed that in relation to these 
varying constructivist perspectives: "there is the risk of wasting time by worrying over the minutiae 
of differences" (p.459). Therefore as all the positions are variants of radical constructivism, and as 
they all share the metaphor of construction, I subscribed to the view suggested by Ernest, and have 
taken a rather pragmatic approach to the application of consrructivist principles within this thesis. 
Hence whilst retaining the general ethos of consrructivist principles I have adopted an eclectic 
approach. That is following identification of key elements of the problem, I selectively borrowed 
constructivist ideas from the world of general and mathematics education, and synthesised them for 
application in the world of nursing. However whatever slant upon constructivism the teacher takes, 
he or she discovers that many more of one's habitual ways for thinking have to be changed (von 
Glasersfeld 1995). Thus where behaviorism emphasizes observable, external behaviors and, as such, 
avoids reference to meaning, representation and thought, constructivism takes a more cognitive 
approach. This subtle difference has profound implications for all aspects of a theory of learning 
(Murphy 1997). In respect of the role of the teacher and student, teachers play the role of "midwife 
in the birth of understanding" as opposed to being "mechanics of knowledge transfer". Their role is 
not to dispense knowledge but to provide students with opportunities and incentives to build it up
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(von Glasersfeld 1996). Hence what follows is an illustration of how selected constructivist-based 
teaching-learning methodologies both changed my mind-set, and were used to design a model of 
learning, that underpinned the development of an interactive computer based 'Authentic World' 
learning environment. This begins with a constructivist definition of 'concept formation', a brief 
and selective analysis of linguistics applied to the learning of word problems, and an analysis of 
'construction of knowledge into schemata'.
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1.9 d A constructivist definition of 'concepts' and a selective analysis of linguistics applied to 
the understanding of word problems
In the radical constructivist view, the term concept refers to 'any structure that has been abstracted 
from the process of experiential construction...and which must be stable enough to be re-presented 
in the absence of perceptual input (von Glaserfeld 1987, p.282)' Consider the example in Box 4:
Box 4
If I use the word 'dog', what comes into your mind?..........—......... I suspect that what
appears is not the 'word' DOG but rather a visual representation of a furry quadruped 
with two ears, a tail and a cold nose.
In terms of examples similar to that above, von Glaserfeld (1987) argues that when learning 
concepts such as 'dog', that we learn to associate 'real' dogs that appear in our experiential 
(sensory) field, with the 'word' DOG as it appears as a recurrent sound pattern or written word, von 
Glaserfeld develops this idea of concept construction with an examination of the widespread notion 
that knowledge is a commodity that can be communicated. As humans and certainly as adults we 
commonly communicate via the use of word and number symbols, von Glaserfeld (1987) argued 
that when we understand what we read or hear, we gain the impression that we have 'grasped' the 
meaning of the printed or spoken words, and we come to believe that this meaning was in the 
words, and that we extracted it like kernels out of their shells. This notion of words as containers in 
which the writer or speaker 'conveys' meaning to readers or listeners is extraordinarily strong and 
seems so natural that we are reluctant to question it. Yet according to von Glaserfeld, it is a 
misguided notion. To see this, von Glaserfeld argues that we have to retrace our own steps and 
review how the meaning of words was acquired at the beginning of our linguistic career. Drawing 
on the work of the Swiss linguist, Ferdinand de Saussure (1959), von Glaserfeld devised a highly
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simplified constructivist model of how individuals form subjective constructs of concepts such as 
'dog'. The model centres upon the construction of semantic connections between:
a) auditory word representations
b) visual representations of perceptual objects
c) representations of written or printed words
von Glaserfeld acknowledged that this grossly simplified model also needs to take account of other 
components such as tactual, proprioceptive and smell sensations, which supply further elements of 
the 'dog' concept. Nevertheless I consider that the model provides a very useful analysis of the 
process by which humans form mental constructions and build up concepts from a range of multi­ 
channel perceptions. An adapted version of the von Glaserfeld model appears in Figure 19.
Figure 19:
A model of semantic connections on the sensory-motor level 
Developing the concept of a 'dog'

























visualise & draw 
a Dog
(Adapted from von Glaserfeld 1987)
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Hence critical to the notion of constructivism is that before we can be said to have acquired the 
meaning of the word 'dog' one further step is required. That is we must acquire the ability to 
mentally represent or visualise that entity which we have associated with the word dog, whenever 
we hear or see the word. Consequently this theory has profound implications for the learning of 
medication dosage calculations in the classroom and in the clinical setting; and will be further 
explored in Chapter 4. Ultimately the construct!vist learning theories suggest that concepts such as 
'dog' or 'prescribed dose or ampoule' etc. are abstractions which the individual has constructed 
from previous relevant experiences. That is concepts are subjective in origin and reside in the 
individual's head. Subsequently words are not 'containers' of meaning, but rather by virtue of 
association with previously constructed concepts, they facilitate our ability to mentally call-up our 
own subjective representations of those concepts alluded to by a given word (von Glaserfeld 1987). 
In essence on the basis of these theories, the transmission of word problems in the absence of 
associated concrete iconic features provides reduced opportunity for many students to construct 
relevant conceptual models or to make relevant links between theory and practice. Similarly 
exposure to concrete experience in the absence of associated theory again limits the opportunities 
for many students to make semantic connections between iconic and symbolic elements of relevant 
concepts. Particularly poignant in this respect are the perceptions of participants who took part in 
the ensuing investigation. This will be explored in Chapter 4, when a review of the 'student 
experience' following exposure to transmission methods and the 'Authentic World' learning 
environment will be presented.
However all nursing students are adults and on entering a nursing programme each individual will 
bring with them a lifetime of experience. That is as a person matures he or she accumulates a 
growing reservoir of experience that becomes an increasing resource for learning (Knowles 1984). 
This notion is critical to an understanding of constractivist learning theory. By this I mean, it would 
be a nonsense to suggest that on first hearing or reading a description of a concept that had not been
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previously experienced in the sensory field, that the typical intelligent adult would not be able to 
mentally visualise some form of representation of the concept. Consider the example in Figure 20:
Figure 20
If 1 use the term sodium dodecyl sulfate poly-acrylamide gel electrophoresis what comes into your 
mind?.......................................... Unless you have a background in molecular cell biology I would
suspect not a lot. However if 1 was to use the analogy of a series of three varying sized colanders or 
sieves stacked in a column one over another, this may aid development of the concept. If you now 
consider that a colander with large holes is positioned at the top of the column, a colander with 
medium sized holes is placed in the middle, and a colander with small holes is placed at the base. 
Now a mixture of potatoes, sprouts and peas are poured into the top of the column: potatoes 
become trapped in the top colander, sprouts fall through the top colander and become trapped in the 
middle colander, and peas fall through the holes of both top and middle colanders to become 
trapped at the base. Effectively the vegetables are separated into three categories by size. Similarly 
sodium dodecyl sulfate poly-acrylamide gel electrophoresis acts as a molecular colander which 
separates molecules or cell fragments by size.
I have used this rather lengthy example to illustrate the way in which words representing familiar 
concepts may stimulate mental constructions of potentially unfamiliar concepts, that have not 
previously appeared in the readers or listeners perceptual field. If I failed in stimulating a reasonable 
representation of sodium dodecyl sulfate poly-acrylamide gel electrophoresis, this may be due to 
my poor explanatory skills, or may be due to the readers lack of experience of the word 'colander' 
or 'potato' etc.. Ultimately you will have formed some notion of sodium dodecyl sulfate poly- 
acrylamide gel electrophoresis. However if your notion of the concept is inappropriate, this would 
only be corrected if and when your image of the concept came into explicit conflict with a 'real life' 
experience of sodium dodecyl sulfate poly-acrylamide gel electrophoresis, or a more lucid
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description by someone else, von Glaserfeld (1987) argues that there is often a mistaken assumption 
that in order to communicate, the representations associated with the words that are used must be 
the same for all communicators (p. 317). That is some individuals may be able to mentally construct 
quite adequate representations of concepts, from exposure to written or spoken word descriptions 
alone. However other individuals may require exposure to a concrete or iconic version of the 
concept, which is situated in their sensory field. Ultimately from observations made at the study 
site, some students appeared to have no problem in understanding word-based descriptions of 
medication dosage problems, while other students struggled to understand these problems into the 
third year of the programme and beyond. This theory of concept construction is very different to the 
simple stimulus-response theory underpinning the behaviorist school of learning. In terms of 
learning medication dosage calculation skills, it sets a clear challenge to nurse educators, in respect 
of identifying strategies that assist all learners to develop relevant conceptual models of the problem 
to be solved. That is as learning is a process of constructing meaningful representations, and of 
making sense of one's experiential world, educators must take cognisance of this when designing 
learning environments (Murphy 1997). In developing this idea 1 now turn to the principle of schema 
construction.
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1.9 e The construction of knowledge into schemas
A central tenet of the constructivist view of learning is that:
1) Experience is not stored as a basket of facts. Rather it is organised in schemas (a schema is a unit 
of organised information).
2) Schemas are active - they modify and are modified by experience or input.
3) Since different learners in a domain of experience have different histories their schemas for that 
domain will be different.
4) In any given learning situation, the experience will be interpreted differently by different 
learners, dependent upon their individual schemas.
(Deforges 1997, p.20)
Jean Piaget and schema formation
Piaget (1954, 1983) when describing the cognitive development of children, argued that at first 
schemas are based upon perception and action, but later symbolic representations become possible. 
Subsequently in the stage of concrete operations, between 7 and 11 years of age, children make use 
of 'reversible operations' such as addition, multiplication, classification and seriation. However 
what they find difficult is to abstract away from particular experiences to general rules, and need the 
help of concrete materials, or pictorial representations of them to use their power of reasoning 
effectively. Ultimately in the final stage of formal operational thinking, which Piaget found 
appearing from about the age of 12 years, children were able to make use of very general and 
abstract systems of ideas. This is typified by formal logic or scientific theories. However Piaget has 
been criticised regarding the rigid chronological development of schemas described in his original 
theory. For example Denvir et al (1983) reported research citing the stages of intellectual 
development that pupils in secondary school had reached. That is by age 12 about 10-15% of the
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sample, and at age 15 only about 20-25% of the sample had reached Piaget's stage of Formal 
Operations (where people can reason in the abstract about abstract ideas). Thus the vast majority of 
the sample were operating in Piaget's stage of Concrete Operations (where people need the help of 
concrete materials, or possibly pictorial representations of them, to use their power of reasoning 
effectively). Backhouse et al (1992) suggested that even learners at the stage of Formal Operations 
can be expected to gain a great deal from concrete materials, when dealing with new concepts. 
Hence on the basis of this argument and the observations made at the study site, it was unsafe to 
assume that all nursing students entering the nurse education programme had developed the full 
capacity to draw upon past experiences to construct meaningful representations of dosage 
calculation word problems. By this I mean that distinct from the ability to perform computations, I 
hypothesised that both novice and some more senior students may benefit from exposure to both 
iconic and symbolic elements of medication dosage problems. This aimed at assisting learners to 
develop conceptual models, particularly where it was not obvious how and why symbols 
representing (frequently unknown) concrete elements, relate to each other in dosage calculation 
formulae and equations.
Within this context and central to Piaget's theory was the process of changing or up-dating the 
mental model experienced by the individual. This process is based upon the learner experiencing 
'disequilibrium', that is an experience which fails to fit the existing knowledge system. Piaget 
recognised two fundamental cognitive processes that work in a reciprocal fashion. The first is called 
assimilation, a process that involves incorporating new information into an already existing 
cognitive structure. An example of this I observed at the study site was, when undertaking a dosage 
calculation lesson attended by Linda, a 40 year old student, who had for many years worked as a 
nursing auxiliary. She demonstrated no computation or conceptual difficulties during the session, 
and later told me that she had frequently assisted the staff nurses on 'her ward' during the drug 
round. She had never learned the formulae for calculating drug dosages, however she already had a
cognitive structure, or what Piaget called a "schema" for dosage problems, and subsequently easily 
incorporated the new knowledge of formulae into her existing structure. However where students 
had to learn dosage calculation problems, having never before dealt with this type of problem, these 
students needed to call upon the second process, accommodation, to form a new cognitive structure 
that could incorporate the new information, hi this instance, when learning dosage calculation 
problem solving skills via word problems, the efficacy with which schema developed, was 
essentially dependent upon the ability of the student to build the concept from previously 
constructed, but unrelated cognitive structures. That is much as the individual who has never 
experienced the concept of sodium dodecyl sulfate poly-acrylamide gel electrophoresis, would need 
to utilise accommodation to construct a new concept from previously acquired, but unrelated 
concepts. Hence cognitive development, according to Piaget, represents a dynamic equilibrium 
between the two processes of assimilation and accommodation.
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The stages of schema formation
Within the schema construction process, Rumelhart and Norman (1978) developed a model of 
complex learning, within which three different processes are involved in the acquisition and 
organisation of new experiences. These processes being termed accretion, restructuring and tuning. 





Matching the new information 
with previously available 
schemata. Adding to the data­ 
base of knowledge within 
existing schema.
(Schema modifying)
When new information does 
not fit currently available 
schemata, these must be 
restructured.
(Schema refining)





Accretion involves the direct acquisition of pieces of knowledge from the sensory field, e.g., via 
seeing, hearing, reading, touching etc.. Restructuring requires no addition of new knowledge. Rather 
it is characterised by new insights, during which existing knowledge is reorganized. In common 
with general cognitive theories of learning, a pattern is seen, and a new way of looking at old 
information is adopted. However patterns cannot be seen as facts unless the facts have been 
acquired during the process of accretion. This view is consistent with the processes involved in the 
transition between novice and advanced beginner described by Benner (1984). Once a new pattern 
has been seen, or a new principle recognised, the new structure guides the acquisition of further 
facts or examples.
This latter point emphasizes the recursive and complementary nature of accretion and restructuring. 
The third learning process identified by Rumelhart and Norman is termed tuning. This is a process
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in which skills and/or the uses of knowledge are made increasingly automatic. No new insights or 
facts are involved in the process, however it is a process in which redundant steps in the procedure 
are eliminated, or short cuts are found. Subsequently tuning involves an increase in efficiency in the 
use of existing routines, and releases the attention load, for use in solving other problems etc.. This 
model is consistent with the theories suggested by von Glaserfeld (1987) and Newell (1990), and 
the skill acquisition in nursing model described by Benner (1984). von Glaserfeld's theory will be 
re-visited and referred to throughout Chapter 4. The Newell and Benner models highlight the 
differences between novice and expert thinking, and will be referred to in the final analysis of 
Chapter 4 of this thesis. Ultimately in Rumelhart and Norman's view, all learning is organised into 
schemata in memory. Such schemata are personal, reflecting an individuals beliefs and experience, 
and as such represent descriptions of the world that may or may not prove to be accurate. Looking 
at this another way, schemata are gradually constructed, are in a constant state of flux, and are open 
to misconception. Subsequently it was my contention that critical to the development of accurate 
conceptual models of dosage problems, was the need to develop a sound foundation during the 
accretion and restructuring phases of schema formation. Moreover if we were to assist learners to 
narrow the theory-practice divide, then we had to develop a learning environment that assisted 
students to form these stable conceptual models. Hence in operationalising the views of von 
Glaserfeld, Piaget and Rumelhart and Norman, it is my contention that the theories developed by 
Bruner (1975) and Collins et al (1989) offer a useful framework through which learners can be 
assisted to develop appropriate dosage calculation schema. Prior to discussing each of these theories 
in turn, Figure 22 illustrates a general model which provides an overview of how these theories 
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92
1.9 f Bruner's theory of instruction
Jerome Bruner championed constructivist views of both perception and learning since the beginning 
of the constructivist revolution. His work was influenced by that of Piaget, and the stages of 
development described by Piaget demonstrate similarities with those subsequently described by 
Bruner (Fox 1997). Bruner developed Piaget's theory by suggesting that the construction of 
cognitive structures is affected by three modes that the individual uses to represent his or her world: 
The enactive mode involves representation through action; the iconic mode uses visual and mental 
images; and the symbolic mode uses symbols in the form of language and numbers. Bruner (1978) 
argued that any subject could be taught to any individual at any stage of development, if it was 
presented in the proper manner. Bruner suggested that individuals have a natural curiosity and a 
desire to become competent at various tasks. However when a presented task is too abstract or 
difficult, the individual loses interest. Subsequently Bruner saw the role of the teacher as one of 
presenting work at a level that is challenging to that individual's current developmental stage.
Bruner (1975) in line with the constructivist tradition saw learning as an active process, in which the 
learner infers principles and rules and tests them out. He suggested that when learning concepts, 
almost any mature person seems to proceed through the three modes of representation, which 
subsequently extend more or less intact throughout an individual's life. These representations 
consist of systems of rules or generalisations by means of which knowledge acquired by an 
individual is transformed into a form suitable for dealing with the relevant task at hand.
The enactive mode is a highly manipulative mode, using neither imagery nor words. It operates 
through action, and is apparent in motor skills, which the individual learns by doing, and would find 
difficult to represent internally in terms of language or pictures. The iconic mode is more developed 
in that it does use imagery, though still does not employ language. This mode depends upon visual 
or other sensory organisation, but represents a concept without fully defining it. Here a student may
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have a clear picture of a drug ampoule, yet be hard put to give a verbal description of the weight : 
volume ratio of its contents. Finally the symbolic mode goes beyond action and imagery and 
employs representation through language and numbers. Such representation leads to thought and 
learning of a much more abstract and flexible kind. This allows the individual to engage in 
reflective thinking, to consider propositions together with their concrete counterparts, and to arrange 
concepts in a hierarchical structure. This extends to symbolic systems other than language, such as 
the symbolism in mathematical and scientific logic (Fontana, 1995, p. 146).
For Bruner, learning is connecting things that are akin and connecting them into structures that give 
them significance. Moreover remembering is not merely recitation of fixed, lifeless traces, but in 
line with constructivist approaches to learning is viewed as achieving imaginative reconstructions of 
iconic and symbolic features of concepts. Thus for a person to make any sense of concepts within 
his environment, he must be able to select, from an almost infinite number of discriminable objects 
and events, those that appear to have something in common and to categorize them appropriately. 
Hence Bruner (1975) claims that a theory of instruction should cover four major aspects:
1. Learning and the optimal experiences to predispose learners to learn problem solving require the 
exploration of alternatives. This involves three aspects, activation, i.e. something to get it 
started, maintenance, i.e. something to keep it going , and direction, i.e. something to keep it 
from being random. Curiosity must be initiated in the learner to stimulate commencement of 
exploration. Subsequently the appropriate direction of exploration depends on two interacting 
considerations: a sense of goal of the task, and a knowledge of the relevance of tested material. 
Hence when assisting nursing student's to develop conceptual models of medication dosage 
problems, the use of stimulating and interactive material which simulates both practice settings 
and highlights the implications of drug dosage miscalculations are necessary (Segatore et al 
1993).
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2. A structuring of knowledge for optimal comprehension, i.e. Brunei states that any domain of 
knowledge, or any problem within that domain of knowledge, can be represented in terms of the 
three modes: enactive, iconic and symbolic. Each domain of knowledge is also characterised by 
economy and power. Economy is essential as the more items of information the learner must 
carry to understand something, the more successive steps he or she must take to process the 
information. Power is the capacity of a representation, in the mind of the learner, to connect 
matters that, on the surface, seem quite separate. Hence when assisting nursing student's to 
develop conceptual models of medication dosage problems and problem solving skills, it is 
important to:
• Assist students to make semantic connections between the iconic and symbolic elements of 
dosage calculation problems, and to enhance the opportunities for conceptual model 
development.
• Keep computations to a minimum to facilitate economy. This is particularly important during the 
accretion and restructuring periods of schema formation.
3. Specification of optimal sequences of presentation of materials to be learned, i.e. Bruner 
states that instruction consists of leading the learner through a sequence of statements and 
restatements of a problem or body of knowledge, that increase the learner's ability to grasp, 
transform, and transfer what he or she is learning. The sequence in which a learner encounters 
materials within a domain of knowledge affects the difficulty he will have achieving mastery. 
Bruner in common with von Glaserfeld states that there is no unique sequence for all learners, 
and the optimum for any particular case will depend upon past learning, stage of development, 
nature of the material, and individual differences. Thus the usual course of intellectual 
development moves from enactive through iconic to symbolic representation of the world. 
Hence when a learner has a well developed symbolic system, it may be possible to by-pass the 
first two stages. However the lecturer does so with the risk that the learner may not possess the 
imagery to fall back on if his symbolic transformations fail to achieve a goal in problem
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solving. Therefore as previously discussed, while some students at the study site experienced no 
problems in learning dosage calculation skills following sole exposure to the symbolic features 
of word problems, many other students demonstrated some degree of problem in achieving this 
goal. Subsequently I hypothesised that for those learners who experienced difficulty in 
constructing appropriate conceptual models from word problems and symbols alone, exposure 
to combined iconic and symbolic models may assist their development of appropriate conceptual 
models of the problem to be solved.
4. The form and pacing of reinforcement, i.e. Bruner states that knowledge of results is useful or 
not, depending upon when and where the learner receives the corrective information. Learning 
and problem solving are divisible into phases involving a cycle of a testing procedure or trial, the 
operation of the testing procedure, and the comparison of results of the test with some criterion. 
Thus knowledge of results should come at that point in a problem-solving episode when the 
person is comparing the results of his try out with some criterion of what he seeks to achieve. 
This Bruner suggests is a key role of the tutor, i.e. to inform the learner whether this completed 
cycle is leading to the eventual goal. These points will be developed further in the next section 
when the process of cognitive apprenticeship is discussed.
Prior to developing these arguments, I detract for a moment here to discuss the only serious attempt 
to date, to apply Bruners theory to the learning of medication dosage calculation skills. This 
involved a study by Fulton and O'Neill (1989), who explored the usefulness of encouraging 
students to visualize and develop mental images of the equipment and amounts of medication to be 
administered. The authors utilised an adapted form of the cognitive theory developed by Bruner, to 
assist nursing students in Ontario, Canada, to develop dosage calculation skills.
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Fulton and O'NeilFs premise was aimed at assisting the movement of nursing students, from a 
concrete phase of learning to a more abstract phase, where mathematical symbols were 
implemented in the process. Based upon the assessment of a treatment and control group, the 
former were exposed to learning strategies centred upon Bruner's theory of learning. The control 
group were exposed to traditional didactic forms of teaching strategies only.
Fulton and O'Neill reported that the 35 students in the treatment group were demonstrated the 
amounts involved in calculating drug dosages, using a kit that included teaching aids such as 
syringes, bottles, and medicine cups, and were encouraged to develop mental images of the 
amounts. Next the students were asked to make sample conversions using the learning aids 
provided. Finally they were prompted to solve the problems related to the modular exercises of the 
programme using either the mathematical formulae provided or others with which they felt more 
comfortable. Concurrently 36 students in a control group followed instruction via a traditional 
method. This entailed instruction via a 'few lectures', with any consultation occurring in 'small 
groups or on an individual basis'. Ultimately Fulton and O'Neill (1989) claimed that this meant that 
these students were required to complete the learning modules on their own...were given a series of 
standardised formulae that they applied to the problems...and if they were successful, they moved to 
the next unit. When difficulties arose, problems of a similar nature were given to the student. This 
procedure was repeated until the student grasped the concept.
The students in both treatment and control groups were administered a standard math test consisting 
of 34 items, including 20 equivalency conversions and 14 dosage and solution calculation 
problems, with no stringent time limit applied. Reported results indicated no statistically significant 
differences in math test scores between the two groups. The authors concluded that exposure to 
visual cues or didactic teaching methods made no significant difference to the dosage-calculation 
performance of nursing students. This finding was analogous to students at the study site being
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exposed to clinical practice followed by the dosage calculation programme, which as I have 
previously discussed led to many students not forming semantic connections between the two 
experiences. However what Fulton and O'Neill failed to measure was the influence of simultaneous 
exposure to both iconic and symbolic features of dosage problems. Hence given my previous 
observations of students' responses to montages involving both simple sketches of iconic features 
of dosage problems, and relevant symbolic formulae and equations, I intended to carry out a more 
formal investigation of this process. That is I hypothesised that for some learners a pivotal link 
exists in: Recognising the semantic relationship between: concrete iconic features situated in 
practice, word problems, formulae extracted from word problems, and numerical representations of 
formulae within equations. Subsequently I set out to design a process that facilitated:
1. Exposure to visual representations of 'real life' (iconic) prescription charts, drug ampoules and 
label information etc., that are situated in clinical nursing practice, and represented by the words 
in dosage calculation formulae.
2. Sensitisation to the key number symbol information contained within prescription charts and 
drug labels.
3. Substitution of extracted number symbols for the iconic features and the words that represent 
them in the dosage calculation formula, and placing of the numbers into an appropriate equation.
4. Opportunities to receive immediate feedback upon computation of the numerical information 
located within the equation.
Within this framework I now turn to literature that supports situated approaches to learning, and a 
process of education whereby expert features of dosage problem solving techniques are exposed to 
learners, via the cognitive apprenticeship.
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1.9 g Situated approaches to learning and cognitive apprenticeship
Support for the exposure of nursing students to contextualised and iconic features of medication 
dosage problems, comes from the field of situated learning. Wakefield (1996) stated that situated 
approaches to learning and teaching, feature authentic cognitive tasks, such as solving a problem 
situated in the context of a 'real-world' activity. A growing body of literature centering upon the 
areas of situated cognition and cognitive apprenticeship has emerged over the last two decades. 
There is growing evidence of a disjunction between methods utilised in mathematics teaching and 
learning in school, and those used for the solving of problems that encompass a numerical element 
'in the everyday world'. In a general context Hennessy (1993, p.3) proposed five key reasons for 
the suggested disjunction:
I. According to the situated perspective on learning, knowledge moves from being private to being 
shared through engagement in socially shared activity and discourse. Yet an individualist 
perspective is dominant in our educational system, where a premium is placed upon what 
individuals can achieve by themselves and without support.
II. The incentives outside school lead to learning that is self motivated (Knowles 1980) or 
commercially driven and the problems encountered are hence authentic and relevant to the 
learner rather than artificially constructed, as for instance, written medication dosage 
computation exercises are. An apparent lack of purpose and of explicit criteria for success 
divorces classroom learning from the readily understandable goals such as work activities 
(Bruner 1972).
III. Informal learning fuses intellectual and emotional factors, which are separated in formal 
learning.In school, almost all problems are pre-formulated and accompanied by requisite 
numerical data, whereas, outside school, problems are seldom clearly defined initially and the 
information necessary for solving them must be actively sought from a variety of sources. For 
example registered nurses must be able to extract and understand relevant information contained
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in medication container labels, prior to setting up and computing a dosage problem. Moreover 
accuracy is defined by the situation and correctness is negotiable outside school.
IV.Although the same subject topics arise in both contexts, the methods used are quite different.
It is my contention that the disjunction described by Hennessy is equally valid in the college of 
nursing classroom, which relies upon a generally abstract and transmission model of education. In 
contrast to this sterile transmission model, Resnick (1987) suggests that most mental activities and 
actions in everyday life are intimately engaged with the physical world - with objects, events and 
with some form of tools. Hence the resultant cognitive activity is shaped by and dependent upon the 
kinds of tools available within the environment.
Previous work in the area of situated learning has been reported in a series of key research studies, 
spanning several cultures, and characterizing problem-solving strategies in everyday situations. 
These involve the craft apprenticeship of tailors in Liberia (Lave 1977, Reed and Lave 1981); 
pottery making (Price-Williams et al 1969); construction workers (Carraher 1986) and street 
vending in Brazil (Carraher et al 1985, Saxe 1988). In respect of the latter studies, Carraher (1986) 
described how construction workers demonstrated greater skill in applying proportional reasoning 
when interpreting blueprints, than students who learned the principles in formal mathematics. That 
is the presence of physical objects in the builders' environment rendered the task more meaningful 
to them. Similarly Saxe (1988) reported the mathematical understandings of schooled and 
unschooled child candy sellers in Brazil. The unschooled sellers were observed to construct and 
operate on problems that were influenced by cultural artifacts, social conventions and interactions. 
Similarly in an experiment titled 'The Adult Math Project', Lave (1988) reported that personal 
calculation methods are commonly invented and used successfully by adults in the practical 
situation. That is when calculating the 'best buy' in a supermarket, subjects achieved a very high 
degree of accuracy (98%), whereas the same people solved only 59% of similar calculations in a
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written test. d'Ambrosio (1985) coined the term 'ethnomathematics' to describe these forms of 
mathematics that vary as a consequence of being embedded in cultural activities, whose purpose is 
not doing mathematics, and that differ radically from those used in school. Scribner (1984, p.39) 
concluded that 'skilled thinking is goal directed and varies adaptively with changing properties of 
problems and the changing conditions in the task environment1 . Previously Scribner and Cole 
(1973) suggested that whilst formal knowledge is transmitted primarily through 'teacher talk', that 
the mechanisms of informal learning include observation, imitation, identification and cooperation.
Hence the role of the teacher in situated learning theory is that of a guide who assists learners to 
construct conceptual models of relevant problems, and to develop appropriate problem solving 
techniques. In this context the teacher is compared to that of the master of a craft, with students in 
the role of apprentices (Brown et a] 1989). This idea together with the constructivist view of 
teachers as 'midwives in the birth of understanding' struck a chord with me, in terms of students at 
the study site experiencing problems with a transmission model based on mere 'teacher talk'. 
Collins et a! (1989) reviewed the elements of traditional apprenticeship models, describing how 
apprentices learn through a combination of observation, coaching and practice. Collins et al argued 
that from an educational perspective the terms modeling, coaching and fading may be substituted 
for such activities. Within this sequence of activities the apprentice repeatedly observes the master 
executing (or modeling) the target process, which usually involves interrelated sub-skills. The 
apprentice then attempts to perform the activity with guidance and help from the master (via 
coaching). Collins et al (1989, p.456) stressed that a key aspect of coaching involves
the provision of scaffolding, i.e. support in the form of reminders and help, that the 
apprentice requires to approximate the execution of the entire composite of skills.
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Support for this idea of scaffolding comes from the Russian constructivist Lev Vygotsky. Vygotsky 
coined the term 'zone of proximal development', to describe a level of performance that the 
individual cannot perform on his own. However Vygotsky argued that learning can be 'stretched', 
by modelling the problem solving process, and then supporting or 'scaffolding' the individuals 
extension of his current skills and knowledge to a higher level of competence (Harvard 1997). 
Subsequently Collins et al suggested that once the learner has a grasp of the target skill, the master 
reduces (or fades) his/her participation. This via providing only limited hints, refinements and 
feedback to the learner, who practices until achieving smooth performance of the whole skill. The 
key interplay between observation, scaffolding, and increasingly independent practice aiding 
apprentices in developing self monitoring, correction skills and integration of the skills and 
conceptual knowledge needed to advance toward expertise. Within such a sphere of development, 
Collins et al argued that observation plays a key role. This particularly in respect of constructing a 
conceptual model of the target process, prior to attempting performance of it. Collins et al suggest 
that there are three critical reasons why it is necessary for the learner to construct a conceptual 
model:
1) It provides learners with an advanced organizer for their initial attempts to execute a complex 
skill. This allows the learner to concentrate more attention on execution than would otherwise be 
possible.
2) A conceptual model provides an interpretive structure for making sense of the feedback, hints, 
and corrections from the master during interactive coaching sessions.
3) It provides an internalized guide for the period of relatively independent practice by successive 
approximation.
It has been argued that development of a conceptual model that can be continually updated via 
further observation and feedback, encourages autonomy through reflection (Collins and Brown
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1988). This is analogous with the changing or updating of schema or mental models described by 
Piaget. Thus the process of reflection underlies and facilitates the ability of learners to compare their 
own performances to the performance of an expert. This aids the learner to diagnose difficulties and 
to adjust incrementally personal performance until competence is reached (Collins et al 1989). This 
developmental strategy supports the constructivist view that learning involves the continuous 
accretion, reorganisation and tuning of knowledge in schemata.
However in comparing traditional and cognitive apprenticeship, Collins et al argued that whereas 
psycho-motor skills practiced in traditional apprenticeship are visible and open to scrutiny, this is 
not the case with cognitive skills. A critical observation when applying apprenticeship methods to 
largely cognitive skills such as medication dosage calculations, is that this requires the 
extemalisation of processes that are usually carried out internally. However a key problem exists in 
this respect. That is subjects such as mathematics and medication dosage calculation skills have 
been traditionally taught and learned in the classroom. Hence students do not usually have access to 
the hidden cognitive problem-solving processes of instructors, as a basis for learning through 
observation and self construction of conceptual models. I have addressed this issue previously and 
contend that it lies at the heart of many of the conceptual problems encountered by novice students 
attempting to learn these skills.
hi addressing this problem themselves, Collins et al stated that cognitive apprenticeship methods are 
designed to bring these tacit cognitive and metacognitive processes into the open, where students 
can observe, enact, and practice them with help from the teacher. Concurrently there is the necessity 
to encourage the development of self-correction and monitoring skills. This due to the inability to 
rely upon the transparent processes that characterize psycho-motor skills. Therefore Collins et al 
suggested the use of both encouraging reflection on differences between novice and expert 
performances, and the technique of abstracted replay to facilitate this process. Abstracted replay
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attempts to focus students' observations and comparisons directly on the determining features of 
both their own and an expert's performance. This is done by highlighting critical features of the 
problem within for example a computer simulation or practical session. Subsequent to this Collins 
et al suggested that reflecting on differences between novice and expert performance can be 
performed in a shared problem-solving context.
In developing this idea within the context of assisting nursing students to develop conceptual 
models of medication-dosage calculation problems, 1 recognised that the use of computer based 
simulations could be a very powerful tool during the foundation period of accretion and 
restructuring of schema. The general use of simulation as a process to facilitate learning is 
supported by Wakefield (1996, p.441), who argued that,
Situated problems vary in terms of the degree to which they are realistic. At one 
extreme, simulations present problems in simplified contexts for novice problem 
solvers. At the other extreme, projects involve solving a problem developed out of the 
interests of the teachers and students.
Given the novice nature of the beginning nursing student, 1 wished to explore whether simulation 
would assist in simplifying the complex melee that exists between the theory and practice of dosage 
calculation problems. This view is supported by Neary (1997) who recognised the benefit of 
simulations during the early stages of nurse preparation programmes. Hence I contended that in 
contrast to the view of Benner (1984), that potentially not only competent nurses, but also novice 
nursing students, could benefit from the environmental cues incorporated in simulations. This 
particularly in assisting nursing students to form semantic connections between iconic and symbolic 
features of dosage problems, and to forge a bridge between theory and practice. General support for 
use of simulations as a strategy in nurse education comes from a number of quarters. It has been 
suggested that the use of simulation for both teaching and evaluation purposes has yet to be fully 
exploited in Project 2000 and undergraduate nursing courses (Bumard 1989, Roberts 1992,
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Wildman and Reeves 1996). Roberts argued that simulation may be useful in teaching and learning 
higher level cognitive skills. This particularly in instances where the clinical area provides a variable 
quality of learning opportunities (Jacka and Lewin 1987), which from my own experience was 
relevant to dosage calculation opportunities in many clinical areas. Moreover Knowles (1981) stated 
that adults prefer problem-solving to abstract theory. Hence Hanna (1981) suggested that 
simulations based on Knowles' (1981) principles of adult learning will assist in engaging the 
attention and efforts of learners at a higher level, this more so than passive teaching methods such as 
lecturing, while a further advantage of simulations is that students can test their own learning 
without fear of endangering patient/client well-being whilst feeling part of the caring team (Neary 
1997).
However 1 recognised that the use of simulations remains contentious, with a range of literature 
highlighting the problems associated with separating theory from genuine practice. Simulations 
have been described as ersatz activities (Brown el al 1989). Ersatz comes from the Greek for 
replacement, and is defined as 'substitute or imitation, especially of an inferior kind' (Concise 
Oxford Dictionary 1997). However it was not my intention that simulation should be used to 
replace authentic activity, but rather that it would provide naive learners with an initial 
approximation of reality. This being aimed at providing an early opportunity to form semantic 
connections between features of dosage calculations situated in clinical nursing practice, and 
classroom based abstractions. In support of this argument, Wakefield (1996) claimed that 
simulations are operational models that use selected components of a real or hypothetical process, 
mechanism or system. A critical dimension of any simulation is its fidelity, which is a description of 
how closely the simulation imitates reality. This varies along 3 key dimensions, i.e.:
* Perceptual appearance (whether the simulation looks or feels real).
* Manipulation (whether realistic actions are involved in responses).
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* Function (whether the operation of the model is similar to that of the real system).
Wakefield (1996) argued that a common error is to think that high fidelity is always desirable, this 
particularly with regard to novice learners. This view is supported by Alessi (1988) who reported 
that novice learners often learn best in a simplified learning situation. Therefore I set about planning 
a process whereby key simulations utilized within an interactive computer based 'Authentic World' 
learning environment, would be designed such that they approximated clinical reality sufficiently to 
facilitate development of conceptual models, whilst not being so complex as to provide extraneous 
stimub which detracted from the learning process. My aim was that simulations would incorporate a 
combination of concrete iconic visual elements, and associated abstract word and mathematical 
symbols, in a non-threatening environment. The whole process being sequenced via the stages of 
modeling, coaching and fading i.e.:
* Modeling (exposure of students to the concrete iconic elements of fundamental medication 
dosage problems that are situated in clinical nursing practice).
* Coaching (exposure of students to concrete iconic elements 'mapped onto' relevant 'word 
elements of formulae' and 'number elements of equations'. The mapping process taking the 
form of 'scaffolding' the learning of students within the 'zone of proximal development').
* Fading (following the initial guided exercises, and once the learner has perceived that he/she has 
a grasp of the target skill, a reduced coaching element of the program would be initiated. That is 
during this stage the iconic features and scaffolding are removed, and the learner is exposed to 
word problems only. The student practices and receives immediate feedback upon performance 
until achieving smooth performance of the whole skill. Learners having the facility to return to 
the guided exercises at any point for reinforcement of learning, or should errors be identified. 
This stage is a test of whether the learner has developed an accurate conceptual model of the 
dosage problem, which can be activated by word problems, in the absence of visualisation of 
iconic features within the sensory field).
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I now turn to two further issues that required investigation and were salient to the design of an 
environment aimed at assisting students to develop conceptual models of medication dosage 
problems. These centred upon the design of a leaming environment that first took cognisance of 
variations in learning style or preference; and second was non-threatening and was sensitive to the 
problem of mathematics anxiety.
107
1.9 h Learning style and Cognitive Style in Mathematics
In this section of the Conceptual Phase of the thesis I now turn to the first associated factor which I 
acknowledged that it was necessary to consider when developing a relevant learning environment. 
That is variations in mathematics learning style or preference. This section acknowledges the 
manifestation of two broad polar learning styles, and introduces my intention that:
a) These styles would be assessed among the sample of students involved in the experiment at the 
study site.
b) The suggested learning preferences associated with the polar styles would inform the design of 
the computer based 'Authentic World' learning environment. This aimed at accommodating for 
both styles and encouraging students to integrate elements of both.
c) A comparison would be made of the performance of students manifesting the range of 
mathematics learning styles, on a written medication dosage calculation assessment, following 
exposure to a didactic transmission method of teaching, and the computer based programme. 
This for the purposes of identifying to what extent the two teaching methods supported the 
learning of students manifesting different learning styles.
Introduction
A major difficulty for Piaget and other 'cognitivists' was explaining why individuals sometimes 
build on new experiences, by accommodating pre-existing schemas to them, and hence learning 
something new; whilst at other times the individual rejects or avoids the new experience, and thus 
fails to learn (Fox 1997). In this respect a number of weaknesses of the constructivist theories have 
been identified. Constructivism tends to emphasise conceptual and attitudinal learning to the 
detriment of the remembering of facts, and has generally failed to address individual differences in 
learning (Fox 1997). This view is supported by Ackerman (1993) who when considering Piaget's 
stage theory, argued that it almost completely ignored the importance of individual preferences or
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styles in knowledge acquisition. However in defence of Bruner and von Glaserfeld, the former 
refers to the importance of acknowledging individual differences, while the latter indicates that it is 
a mistaken assumption that in order to communicate, the representations associated with the words 
that are used must be the same for all communicators. Nevertheless this criticism of constructivism 
must be taken seriously. Subsequently if the theory that I have suggested in the previous sections 
was to inform the professional knowledge base of nursing, then I must address the issue of learning 
style here. Hence in developing a new environment for the learning of dosage calculation skills, it 
was essential to evaluate the literature on learning styles and where appropriate investigate its 
influence on the learning of these skills.
Learning style and learning preference
Cognitive learning style has been defined as the stable, traitlike consistency in one's approach to 
attending, perceiving and thinking (Messick 1976, Entwistle and Ramsden 1983). Additionally 
learning style has been identified as a significant factor affecting how well students learn (Vittoe 
and Hooker 1983, Garity 1985). However Schmeck (1988) prefers the label orientation when 
referring to consistency in one's approach to learning in school and university settings. This 
Schmeck suggests is because student's orientation to studying in schools and universities', results 
from a combination of motives and styles during his or her perception of the classroom situation. 
Additionally Blagg (1985) argued that the learning mode of students involves individual concerns 
regarding the dynamics of the situation in which learning occurs, major areas of interest, and general 
modes of content delivery.
This latter concept has been termed learning preference and may be considered as one facet of 
learning styles that refers to subjective feelings about certain learning strategies. Therefore the 
methods by which material is presented in the classroom may facilitate learning in one student yet 
hinder the learning for another. Hence learning styles and preferences affect the way in which
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students respond to the curriculum, both in terms of their attitude about the programme and the ease 
with which they master the programme objectives (Wells and Higgs 1990). As previously discussed 
observations at the study site appeared to confirm this suggestion.
Highfield (1988) argued that nursing faculty will always be confronted by students with a variety of 
learning styles. Subsequently to help these students nurse educators must implement teaching- 
learning strategies that maximise student learning styles and develop additional learning strengths. 
In terms of the notion that a range of learning styles exist I will now evaluate literature which 
suggests that in fact two broad polar learning styles exist along a continuum.
General classifications of cognitive style/orientations to learning
A number of general classifications of cognitive style/orientations to learning have been described
Serialist-holist (Pask and Scott 1975) 
Vertical-lateral (de Bono 1970)
Left brained-right brained (Wheatley 1977, Reynolds and Torrance 1978, Torrance 1979, 
Rockenstein 1988)
Analytic-global (Schmeck 1988)
Field independent-field dependent (Witkin el cr/1977)
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Ultimately I will contend that evidence presented in the above sources demonstrates a common 
manifestation of two broad polar styles of thinking, that lie along a continuum.
Serialist-Holist
Pask and Scot (1975) described two learning styles, the serialist and holist. The serialist tackles 
learning step by step and tends to remember a body of information using simple links between the 
items. The holist, on the other hand, tends to look at a problem as a whole and remembers in a 
similar manner, using concepts and theorems - which are of a higher order than the serialises links.
Left brain-Right brain
Wheatley (1977) linked problem solving styles directly with left and right brain specialization's.
These centering on the one-at-a-time, serial left brain versus the all at once, gestalt right brain.
Vertical-Lateral
Similarly de Bono (1970, p.4I) describes two styles of thinking, i.e. lateral and vertical. Lateral
thinking is quite distinct from vertical thinking, which is the traditional type of thinking, hi vertical 
thinking one moves forward by sequential steps, each of which must be justified.....in lateral 
thinking one may have to be wrong at some stage in order to obtain a correct solution. Lateral 
thinking does not exclude other pathways, that is both types of thinking are required and are 
complementary. Subsequently de Bono suggests that education has always emphasized vertical 
thinking. Moreover Wheatley (1977) concurred with de Bonos' conclusion that the successful 
problem solver achieves a smooth integration of the two modes of thinking. Ultimately Springer 
and Deutsch (1985) concluded that all brain functions are important and should be valued.
Analytic-Global / Field independent-Field dependent
Schmeck (1988, p.382) suggested that people with an extreme analytic style are field-independent 
and have focused attention which centres upon noticing and remembering details. They have an
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interest in operations and procedures, or the 'proper' way of doing things, and prefer step-by-step, 
sequential organization schemes. Their attention is more controlled and consciously directed than 
individuals with a global style. This control and focus allowing them to 'divorce feelings from 
objective facts'. Ultimately they 'see differences between apparently similar experiences'.
Individuals with a global style are field dependent with attention tending toward scanning, leading 
to the formation of global impressions rather than more precisely articulated codes. Rather than 
linear and sequential, their organizational schemes involve more random or multiple accessibility of 
components, allowing numerous and varied associations between coded experiences. Their thinking 
being more intuitive, with less evidence of an emphasis upon conscious control and directing of 
thoughts, than that of an analytic person. Ultimately they are 'more gifted at seeing similarities than 
differences'.
In light of this review I suggest that the serialist/vertical/left- brain/analytic/field-dependent style of 
thinking is associated predominantly with an atomistic view and the learning of facts. This tends to 
suggest that individuals who manifest the extreme versions of these styles may favour a neo- 
behaviorist, transmission and 'step by step' approach to education. Conversely the 
holist/lateral/right-brain/global/field-mdependent style of thinking is associated predominantly with 
an holistic view and the forming of relationships and connections. This tends to suggest that 
individuals who manifest the extreme versions of these styles may favour a constructivist approach 
to education. I now continue with a critique of literature which highlights the potential effects of an 
extreme preponderance upon one particular polar style.
Marton (1988) argues that atomistic and sequential structuring of information, typical of the 
analytic-serialist style, are most prevalent in surface approaches to learning, while holistic and
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hierarchical structuring, typical of the global-holist style, are more common in deep approaches. 
This, Schmeck states, should not be taken to suggest that analytic style and surface approach or 
global style and deep approach are the same, but they are certainly related. Schmeck, commenting 
on the serialist and holist styles of Pask and Scott (1975), suggests that serialists (presumably 
individuals with an analytic style), "showed intention to search for specific data", while holists 
(presumably individuals with a global style), "test a large predicate or relational hypothesis". Pask 
and Scott found that serialist learners actually examined less data overall than holists when 
searching step by step to confirm or disconfirm one specific hypothesis at a time, whilst in general, 
holists can scan large amounts of data searching for patterns and relations, and had a greater 
tolerance for uncertainty than did serialists with regard to "correctness" of their hypothesis.
In terms of teaching Schmeck (1988) argued that extreme reliance on an analytical style of 
cognition, what Pask (1988) terms an 'improvidence pathology', virtually forces students to take on 
a surface approach to learning. This is a major criticism of behaviorist approaches, as they tend to 
concentrate upon learning of lower-order skills. Furthermore reliance upon this analytical style and 
surface strategy omits or avoids the interrelations that may exist between components of the task 
(Biggs 1988). Thus Schmeck (1988) suggested that deeper structures of information are not noticed 
by many students taking a surface approach. This view was supported by Pask (1988) who noted 
that 'sensitivity to the relations of topics, is part of a global style of cognition and not an analytic 
style'. Such a view is consistent with recognition that total reliance upon an absolutist philosophy, 
leads to a 'separated view of mathematics'. Observations during assessments and tutorials at the 
study site reinforced and supported these views, with many students failing to recognise the 
interrelations between iconic and symbolic features of dosage calculation problems.
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However support for the view that extreme preponderance upon any polar style may have a negative 
influence upon learning, comes from literature centred upon the development of the associated skill 
of reading. Kirby (1988, p.259) argued that
» The analytic style pays too much attention to the wrong level of meaning in text, in this case to 
too superficial a level, and is characterized by an attempt to remember the details or 
micropositions of the text via the only means possible, rote memory.
Conversely however, Kirby goes on to suggest that:
» The global style pays insufficient attention to the details of text and to the extraction of an 
appropriate level of meaning. This style skips the hard work of identifying the middle level of 
meaning and jumps too quickly to the broadest level of interpretation.
Kirby (1988) suggests that neither of these styles by itself is an adequate method of reading and 
both are components of the more appropriate synthetic style which consists of the 'integration and 
orchestration of these clusters of styles, strategies and skills'. Moreover Kirby, like Pask (1988) 
argues that the best cognitive style for 'understanding' is not really a style at all in the traditional 
sense, but is more like the absence of rigid, style-like consistency. Pask labelled this latter state a 
'versatile style' which is similar to Kirby's "synthetic style". Early reports in this area by Luchins 
(1942) stressed the importance of flexibility in thinking when solving problems. Luchins coined the 
term, the 'Einstellung Effect' to describe the rigidity of strategies used in problem solving. Luchins' 
investigations highlighted the dangers of the habit mastering the individual rather than the individual 
mastering the habit.
Ultimately reported literature highlights evidence of individuals demonstrating polar styles, and 
evidence of individuals who seem to incorporate elements of both styles into a synthetic or versatile
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style. Whether such stylistic preferences remain consistent throughout life, or whether they can be 
adapted appears unclear. However I now continue with an analysis of the professional nursing 
literature which centres upon the learning style and preferences of nursing students.
The learning styles and preferences manifested by nursing students
All but one reference to the learning styles and preferences manifested by nursing students centres 
upon 'general' learning styles. I do not intend to dwell on this section of the literature, and include it 
here merely to underscore the heterogeneity of the nursing student population in this respect. 
Relevant assessment of nursing students' general learning styles and preferences have been reported 
in a range of nursing literature. Grigs el al (1994) reported that to that point, 69 relevant studies 
associated with the health professions had been undertaken, hi performing assessment of general 
learning style, two specific learning style inventories predominated: Kolb's Learning Style 
Inventory and Gregorc's Style Delineator. Within this 47 studies had been conducted within the 
field of nursing. Previously Curry (1983) reported that of 25 learning style models and inventories 
examined, very few assessed more than one level. This position was endorsed by DeCoux (1990) 
who argued that the innumerable learning style instruments were strikingly dissimilar and the 
theoretical constructs on which they were based contained at best tenuous connections to one 
another. Nevertheless despite this legitimate claim by DeCoux, it is my contention that these studies 
do provide some valuable information regarding the preferred learning characteristics/teaching 
strategies generally favoured by nursing students. Moreover in defending the general premise that 
nursing students vary considerably in their approaches to learning, a brief critique of nursing 
research centred upon this theme will now be presented.
Wells and Higgs (1990) reported that on the basis of the Gregorc Style Delineator, two predominant 
learning styles were demonstrated in both junior and senior nursing students. These consisted of:
115
Concrete Sequential (the learner being methodical, structured, and preferring a step-by-step 
progression when assimilating new material).
Abstract Random (the learner being emotional and imaginative, with ordering of information 
proceeding in a random, nonlinear fashion, and attention focused on personal relationships).
Wells and Higgs reported that the five learning preferences that received 70% or higher positive 
responses by the total student sample were those learning methods that Gregorc (1982) identified as 
preferred by individuals favouring a Concrete Sequential or Abstract Random style, i.e.:
* Concrete Sequential (Drill and Practice and Computer Assisted Instruction)
* Abstract Random (Television/Movies, Group discussion and Short lecture with question and 
answer period)
In an associated area Lapeyre (1991) utilised the Lancaster Inventory of Approaches to Studying 
(Entwhistle et al 1979). This study involved student nurses in Scotland, UK. The authors 
concluding that there did not appear to be any statistically significant differences in approaches to 
studying between the two groups.
The Kolb Learning Style Inventory (1976) has been utilised in a number of contemporary studies to 
assess nursing students general learning style, (e.g. Highfield 1988, Hodges 1988, O'Kell 1988, 
Cavanagh, Hogan and Ramgopal 1995). Kolb (1976, 1984) defined learning styles as acquired, 
consistent patterns of learner-environment interaction. Each learning style being a combination of 
two of four possible learning processes, i.e.
* Active Experimentation = Doing
* Reflective Observation = Watching
* Concrete Experiences = Feeling
* Abstract Conceptualization = Thinking
116
Kolb plotted the four processes on two dialectical continuums: The Active/Reflective Continuum; 
and The Concrete/Abstract Continuum. When the two continuums are structured as two 
perpendicular lines, 4 styles of adult learning were conceptualised, each falling into one of four 
quadrants created by the axes, i.e. :
* Accommodative Style: Learning occurring through concrete experience (feeling) and active 
experimentation (doing); with an orientation to task accomplishment by risk taking, trial and 
error, and adaptation to changing situations. Individuals greatest strength is the ability to carry 
out plans of action that may be made by others.
+ Divergent Style: Learning is through concrete experience (feeling) and reflective observation 
(watching); with emphasis on meaning and value, a person orientation, and the ability to think 
through alternative solutions to problems. Individuals greatest strength is an imaginative ability.
* Assimilative Style: Learning is through reflective observation (watching) and abstract 
conceptualization (thinking); with abilities to use inductive models and to create theoretical 
models. Individuals appear to perform best in respect of creating abstract models for explaining 
phenomena.
» Convergent Style: Learning is through abstract conceptualization (thinking) and active 
experimentation (doing); where problem-solving occurs through the practical application of 
ideas. Individuals appear to perform best in situations where there may be a single correct 
answer to a problem.
In at least 29 studies utilising the Kolb model, among health care professionals, the following 
observations of nursing students have been reported. Highfield (1988) reported that amongst 65 
baccalaureate nursing students in the USA, 56% of the total sample manifested the assimilative 
learning style. Hodges (1988) reported that amongst 93 second year nursing students in the USA, all 
categories of Kolb's learning style were represented. These in contrast to that reported by Highfield 
(1988) being categorised as divergers (33%), accomrnodators (31%), convergers (23%) and
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assimilators (13%). O'Kell (1988) reported that of 158 student nurses following a traditional nurse 
education programme in the UK, 70% of students were found to be convergers or accomodators, 
whilst Cavanagh (1995) reported that of 192 nursing students following a 'Project 2000' type 
RN/DipHE nurse education programme in the UK, all categories of Kolb's learning style were 
represented, these being categorised as divergers (27.9%), convergers (27.4%), accommodators 
(25.8%) and assimilators (18.8%). Previously Ramprogus (1988) reported that amongst a group of 
first year nurse learners, a 'new category' termed 'allrounder' predominated (52%). This due to a 
lack of emphasis upon any one particular style.
Therefore there are clearly conflicting reports regarding the favoured general learning styles 
amongst nursing students, assessed via this tool. Consequently on the basis of this reported research, 
the only point that can be made with any certainty is that a range of favoured general learning styles 
have existed amongst nursing students from both the USA and the UK. Moreover it is clear from 
the reported literature that the population of nursing students contain individuals who favour 
concrete, abstract and combinations of the latter styles. Thus given the clear variations highlighted 
in reported literature in this area, the contention that individuals entering the nursing profession have 
diverse learning styles is reinforced. Moreover despite the increasing body of evidence that there are 
advantages in identifying individual learning styles and matching these to learning preferences 
(teaching/delivery methods), there have been relatively few empirical studies to support this 
(Cavanagh and Coffin 1994). Hence in respect of both recognising general learning style amongst 
nursing students and subsequently improving educational strategies, Highfield (1988, p.32) 
provided three key recommendations, i.e., nursing faculty should:
* Become familiar with the concept of learning style. Research indicates that students are more 
successful when they know about their own learning style, when their learning style is matched 
with teacher style, and when their learning style is matched with a style-compatible situation.
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This view being supported by Rezler and Rezmovic (1981), Honey and Mumford (1982), 
Ramprogus (1988), Dux (1989) and Davis (1990).
* Assess the learning styles of their own student group. This suggestion was additionally supported 
by Honey (1988).
* Maximise current student learning and enhance future learning by assisting students to develop 
new styles. This view being supported by Wells and Higgs (1990).
These concepts and observations will now be explored in respect of Cognitive Style in 
Mathematics.
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Cognitive styles in mathematics
Clinical and experimental research supports differential processing in the left and right hemispheres 
of the brain. In respect of mathematical processing, Gardner (1983) proposed that logico- 
mathematical and spatial are among the six intelligence's, concluding that the left hemisphere can 
read and produce the symbols of mathematics, whilst the right hemisphere understands numerical 
relations and concepts. Franco and Sperry (1977) suggested that arithmetic operations, such as 
multiplication and division are processed better by the left hemisphere, whereas geometry is better 
processed by the right hemisphere.
Zdenek (1983) defined hemispheric dominance or brain lateralization as the learner's preferred 
hemisphere of control. Thus individuals with a dominant left hemisphere tend to use sequential, 
step-by-step, reflective processing, whereas individuals with a dominant right hemisphere tend to 
use global, all-at-once, impulsive processing (Herrmann 1981, Gorovitz 1982, Miller 1986). This 
concurs with the claims of Grow and Johnson (1986) who discussed two distinct styles of 
mathematical learning:
1) The rational mode, in which individuals learn formulae but are unaware of the underlying 
concepts and logic that give meaning to what they do.
2) The productive mode, in which individuals visualise the problem globally to generate an 
estimate of the answer, but may be too impulsive to give a precise answer.
Such observations are not new, this being highlighted by Krutetskii (1976), in his major study of 
mathematical abilities. Krutetskii cited Descarte (1636), who contrasted solving problems by chains 
of successive logical deductions, as opposed to intuition and immediate perceptions of connections
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and relationships. Krutetskii coined the term intuitive thinker to describe individuals who are not 
conscious of every step of his/her thought process. The intuitive thinker perceives essential 
connections more quickly than his complementary stylist, the discursive thinker.
Returning to the proposed association between left and right hemispheres and mathematical 
processing, Herrmann (1981) stated that hemispheric dominance is a continuum instead of a 
dichotomy. Subsequently Bath, Chinn and Knox (1986) used a continuum, based upon the Test of 
Cognitive Style in Mathematics, to measure learning style in mathematics. The extreme left side of 
the continuum represents individuals who display sequential, step-by-step, mathematical problem 
solving strategies, usually calling for pencil and paper and use of algorithm type formulae. The term 
'inchworm' is used to describe this learning style (an inchworm is a looper caterpillar that 
progresses by arching itself bringing its back legs up close to its front ones). The right side of the 
continuum represents individuals who display global, all at once mathematical problem solving 
strategies, usually performed mentally. The term 'grasshopper' is used to describe this type of 
learning style. The middle of the continuum represents individuals who display the ability to 
integrate (synthesize) both learning styles in mathematical problem solving. Thus these terms focus 
upon observable behaviors as opposed to unseen neurological processes.
Key differences in the reported mathematical learning styles have been classified in relation to three 
key areas, i.e.: analysing and identifying the problem, solving the problem and checking and 
evaluating. In a personal communication with Dr. S. J. Chinn (February 1997), one of the original 




Description of Inchwonn & Grasshopper Styles
Inchworm Grasshopper
I Analysing and 
identifying the 
problem
Focuses on parts and 
details. Separates.
Looks at numbers and 
facts to determine and 
select a relevant/useful 
formula or procedure.
Holistic, forms concepts, 
and puts together.
Looks at numbers and 
facts to estimate an 
answer or restrict range 
of answer. Controlled 
exploration.
II Solving the 
problem
Formula, recipe or 
procedure oriented. 
Constrained focusing 
using a single method 
of serial-ordered steps, 
along one route (a rifle 
approach), generally in 
one direction - forward.
Tending to add and 
multiply.
Uses numbers exactly 
as given.
Tending to use pencil 
and paper to compute.
Flexible focusing using 




generally reversing or 
working back from 
answer and trying new 
routes.
Tending to subtract and 
divide.
Adjusts, breaks down/ 
builds up numbers to 
make easier calculation.
Tending to perform all 
computations mentally.
Ill Checking and 
evaluating
Unlikely to check or 
evaluate answer. If 
check is done, uses 
same method.




Likely to appraise and 
evaluate answer against 
original estimate. Checks by 
alternate method.
Good understanding of 
the numbers, methods 
and relationships.
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There are clearly similarities between the various 'general' learning styles reported in the literature 
and the 'mathematical' learning styles reported by Bath et al (1986). However Bath and Blais 
(1993) suggest that general learning style may not be related to mathematical learning style. 
Therefore whilst it may be tempting to utilize such general learning styles inventories to make 
judgments regarding mathematical learning style, Bath and Blais (1993) stress caution until research 
to identify correlation (if any) between the two has been conducted.
However an analysis of the styles described by Bath, Chinn and Knox (1986), suggests a 
relationship between the 'inchworm' style and the serialist/vertical/left braui/analyric/field- 
dependent style of thinking. This is associated predominantly with an atomistic view and the 
learning of facts. Conversely there appears to be a relationship between the 'grasshopper' style and 
the holist/lateral/right-brain/global/field-independent style of thinking. This is associated 
predominantly with an holistic view and the forming of relationships and connections. On the basis 
of the arguments 1 have presented throughout this chapter I hypothesised that any strategy aimed at 
assisting learners to develop accurate conceptual models of dosage calculation problems and 
problem solving skills, must:
1. Generally accommodate for both polar styles of learning.
2. As the learning of dosage calculation skills requires both acquisition and learning of facts, and 
the forming of relationships and semantic connections between iconic and symbolic elements of 
dosage problems - that students need to integrate elements of both of these styles.
Evidence to support this view was provided by Bath and Blais (1993). The authors utilised the Test 
of Cognitive Style in Mathematics (TCSM) to measure the learning style in mathematics of nursing 
students in the U.S.A., to determine if there was a correlation with their ability to calculate drug 
dosages. Bath and Blais (1993) claimed that the results seem to indicate that instructors can improve 
the ability of their students to calculate drug dosages by integrating instructional methods that:
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Reinforce the student's preferred learning style.
Require the student to use both sequential step by step, paper and pencil processing and global, 
all at once mental processing.
Their sample consisted of 66 first year nursing students, who following assessment of their learning 
style in mathematics, were administered a 20 item drug dosage examination. Results indicated that 
(55/66, 83%) of students displayed inchworm tendencies; (2/66, 3%) displayed grasshopper 
tendencies and (9/66, 14%) displayed integrated mathematical processing. On the basis of a 90% 
minimum mastery level, the results indicated that of the 55 students classified as 'inchworms' only 
3 (5%) passed, of the 9 students classified as integrated processors 2 (22%) passed, with both 
(100%) of the students classified as 'grasshoppers' achieving a pass score of 90 and 100% 
respectively.
The authors concluded that many of the 'inchworms' wrote incorrect answers because they believed 
the answer obtained using the formula had to be correct. Thus if they made an arithmetic error they 
had no back up method for verifying their answer. Conversely 'grasshoppers' displayed the ability 
to quickly estimate answers and complete most of the calculations mentally. Moreover these 
students tended to verify their answers with a second method.
Key recommendations were based on instructors reinforcing students particular learning style and 
integrating the two relevant teaching / learning strategies to help students 'develop back up skills' 
and to 'become more flexible'. Hence 'inchworm' reinforcement strategies would include use of 
formulae which remain consistent throughout the curriculum, whilst 'grasshopper' reinforcement 
strategies would include handling and / or visualization of medication administration equipment 
when making calculations e.g. syringes, medicine cups, l.V. infusion apparatus etc. This
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recommendation is supportive of the general theories suggested by Bruner and von Glaserfeld, and 
tacitly, my own contention that both iconic and symbolic elements of dosage calculations need to be 
'integrated' or 'observed simultaneously' if all students are to be assisted in developing accurate 
conceptual models.
The Bath and Blais (1993) study was based among nursing students from the U.S.A., who had not 
been exposed to the U.K. education system, and the study had yet to be replicated. Subsequently it 
was unwise at this point to attempt generalising the reported results to the nursing student 
population of the U.K., this especially given the small number of 'grasshopper' subjects identified 
in this study.
Nevertheless in developing the key aims of this thesis I planned to assess a sample of nursing 
students in respect of their Cognitive Style in Mathematics; to build both iconic and symbolic 
elements of dosage problems into a computer-based 'Authentic World' learning environment; and 
to expose a sample of students to both a computer-based 'Authentic World' learning environment, 
and a teacher led 'step by step' lesson format. This will be fully discussed in Chapter 2.
The Test of Cognitive Style in Mathematics was out of print throughout the world (at January, 
1998). Hence following a protracted search, involving the assistance of Professor John Backhouse 
(Emeritus Professor, Oxford University), and Jade Stratton (Senior Lecturer, Oxford University), I 
located and secured a copy from one of the original authors (Dr Stephen Chinn). The detail of the 
Test and the adaptations 1 made to its format and implementation will be discussed in Section 2.4.
At this point I now turn to and address the theme of assisting students to develop dosage calculation 
problem solving skills in a non-threatening environment, and the problem of mathematics anxiety 
and mathephobia.
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1.9 i Mathematics anxiety and mathephobia
The aim of this section is to explore the concept of mathematics anxiety and its relevance to the 
development of drug-dosage calculation-skills amongst nursing students. During interactions and 
exchanges with students at the study site it became clear that many students who attended the 
tutorials, were experiencing anxiety regarding the medication dosage calculation programme and the 
thought and use of mathematics generally. Therefore the development of a new approach to learning 
these skills had to take account of this phenomenon. Much of the literature associated with 
mathematics anxiety and mathephobia comes from three and even four decades ago. Nevertheless 
given the self reported perceptions of students at the study site it was important to evaluate this 
literature, to inform the design process of the computer based programme.
Richardson and Suinn (1972, p.551) defined mathematics anxiety as involving
...feelings of tension and anxiety that interfere with the manipulation of numbers and 
the solving of mathematical problems in a wide variety of ordinary life and academic 
situations. Mathematics anxiety may prevent a student from passing fundamental 
mathematics courses or prevent his pursuing advanced courses in mathematics or the
ct-*if*nr>f*csciences.
A number of specific characteristics of mathematics anxiety have been cited in the general 
mathematics literature, these involving the perception of mathematics as difficult and threatening, 
wherein the individual is preoccupied with feelings of self-deprecation and inadequacy, is incapable 
of handling the task, and focuses on the feared outcome of failure rather than the task at hand. These 
feelings are commonly associated with a fear of loss of respect by others (Meisenhelder 1987). 
Common autonomic and stress-related symptoms such as panic, tension, helplessness, fear, distress, 
shame, sweating palms, clenched fists, queasy stomach, dry mouth, cold sweats, knots in the 
stomach and throbbing in the head, have been reported (Aiken 1970, Morris 1981, Resek and 
Rupely 1980). Similarly about half of Sewell's (1981) intended sample in a study focusing on
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mathematics anxiety, refused to be interviewed. She attributed this to the painful associations which 
they feared she might uncover. Of those who did agree to be interviewed the perception that 
mathematics is daunting pervaded a great deal of the sample's responses.
These reported observations and symptoms were consistent with my personal observations of 
students attending medication-dosage calculation lessons and tutorials. Moreover as described 
previously it was common for students attending support tutorials to admit to feelings of both 
extreme anxiety and loss of self-esteem in front of others. This view is supported by Buxton (1984) 
who suggests that even highly intelligent people can develop a pathological terror of mathematics 
and that panic induced by fear and embarrassment may contribute more to failure in the subject than 
actual mental incapacity. The kind of situations found to induce panic included the presence of 
someone seen as an authority figure, an overemphasis on authority approval, emphasis on speed as 
well as perception and the fear of looking foolish in front of others.
Particularly poignant is Tobias' (1976) description of maths anxiety as 'sudden death', and 
suggests that there are a number of possible causes:
a) Ambiguity in mathematical language.
b) 'Dropped stitches', i.e. having been absent from school at a critical time, thereby losing a link in 
the learning process.
c) A fear of appearing 'too dumb or too smart'.
d) The emphasis in mathematics on timed test and 'right answers'.
e) A myth that there is a 'mathematical mind'.
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Lazarus (1975) coined the term 'mathophobia', and suggested that math avoidance is caused 
primarily by 'social factors'. Thus he posited that teaching methods current at the time made math 
useful to only a 'few bright people', and that little was done to make it relevant to everyday life. As 
we recently entered our third millennium this view is no less prevalent. The views of both 
employers and young employees were reported in a government commissioned survey of the 
perceived preparedness and mathematical needs of young employees in today's technological 
society (The School Curriculum and Assessment Authority 1997). It reported that young employees 
felt that much school mathematics was too theoretical, and much of what is covered in mathematics 
syllabuses is never actually used in employment. However they felt that learning mathematics 'on 
the job' was easier than learning in school, because its relevance was obvious and the skill was 
reinforced by use (SCAA 1997).
Lazarus (1975) concluded that being poor at arithmetic is in 'good taste' and therefore socially 
acceptable. Such a view is supported by Tobias (1976, 1978) who reported that women chose 
careers in nursing because they feared number manipulation. Similarly Hilton (1999) reported that 
some nursing students actively targeted schools of nursing where it was known that mathematics 
was not an entry requirement. Tobias (1976, p.57) suggested that such fear of maths amongst 
women is somehow promoted by society. Hence
it is a culture that makes math ability a masculine attribute, that punishes women for 
doing well in math, and that soothes the slower math learner by telling her she does not 
have a 'mathematical mind'. It all adds up to math anxiety of which avoidance is but a 
symptom.
This suggestion supports the contention that mathematics lends itself particularly to an authoritarian 
teaching approach and is consistent with the stereotypical masculine values common in western 
Anglophone countries. Conversely however there is another mathematical fear which is different
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from mathephobia, but centres upon the view of mathematics as a masculine subject. This is fear of 
success, occurring mostly in high ability girls. They fear social rejection and loss of self-esteem 
from doing well in a traditionally male dominated subject (Leder 1982). This is of key importance 
in light of more recent evidence that the divide between male and female performance in 
mathematics is not only narrowing, but that females are taking the lead.
However Buxton (1981) and Sewell (1981) both found that men were more reluctant to admit their 
fears, concluding that there are probably more male mathephobics than would appear from 
statistics. This view is consistent with my own observations, that male nursing students appeared 
less inclined to seek tutorial support following initial failure to achieve requisite achievement levels 
in dosage calculation assessments.
From an education standpoint mathematics has traditionally lent itself particularly to an 
authoritarian teaching approach which fosters fear and panic. The dominance of curricula with time- 
constrained written examinations compounds this problem. Hence emphasis upon speed and 
accuracy creates the view of mathematics as an 'answer centred rather than problem centred subject' 
(Holt 1969). Moreover Buxton (1981) speaks of the term 'anti-goal' which refers to the avoidance 
of getting the answers to mathematics questions wrong. This clearly manifesting unfortunate 
implications within nursing education, where students need to view development of mathematical 
strategies as integral to solving medication-dosage and other clinical problems, and not just as a 
means to avoid getting answers wrong, and passing the assessment. Subsequently it is my 
contention that mathematics anxiety and mathephobia are associated particularly with an absolutist 
philosophy of mathematics education. In developing this theme I now turn to mathematics anxiety 
among adult learners.
129
Mathematics anxiety amongst adult learners
Early studies centering upon the identification of specific types of anxiety indicated that different 
kinds of anxiety lead to different effects on intellectual performance (Sarason 1957, Suinn 1965). 
Subsequently Suinn (1970) reported that over one third of students responding to a behaviour 
therapy programme offered at a university counselling unit, indicated that their problem centered 
around mathematics anxiety. Betz (1978, p.446) concluding that
...math anxiety is a problem for a large proportion of college students
Richardson (1980) reported three situations which tended to accentuate maths anxiety.
1. Testing
2. Advanced mathematics
3. The individual being 'put on the spot'
Whilst situations which retarded the development of mathematics anxiety were items on:
1. Simple computation skills
2. The utilization of mathematics in everyday life
3. Items on the handling of money
This latter point was highlighted by Stobart (1980), who provided an account of an adult numeracy 
evening class in England, where despite students lacking basic skills, they were often very capable 
at mathematics in an everyday context, for example checking their change. This important feature 
will be returned to in Chapter 4 when analysing the perceptions of participants during post clinical- 
assessment interviews. Betz (1978), reported that females experienced greater math anxiety than
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males, with older women reporting more anxiety than younger ones. This view conflicts with that of 
Richardson (1980), nevertheless a range of reported evidence supports the claim that females tend 
to experience mathematics anxiety. Tulloch (1979) suggested that women attending courses with a 
mathematics component need special support and encouragement. Previously Hendel and Davis 
(1978) reported that during a math anxiety program, a study of 69 female subjects revealed few sex- 
related cognitive differences, yet there were many attitudinal problems. This latter finding 
supporting the claim of Eaton (1989), which highlighted females lack of confidence, and negative 
attitude toward mathematics.
Buerk (1981) described how five intellectually able but 'mathematically apprehensive women' were 
helped to see the discipline of mathematics from a new perspective in an intervention study 
designed to change their conception of mathematical knowledge. Emphasis in sessions was placed 
on 'experiencing' a problem or question, and energy was channeled toward understanding and away 
from speed. As a result, Buerk reported that the women showed a significant improvement in 
mathematical understanding, as well as a reduction in their fear of maths.
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Mathematics anxiety and its relationship to mathematical performance and drug-dosage 
calculating ability amongst nursing students
Fulton and O'Neill (1989) also explored the usefulness of encouraging students in an experimental 
group to visualise and develop mental images of the equipment and amounts of medication to be 
administered, in respect of its relationship to reducing mathematics anxiety. The authors 
administered the Mathematics Anxiety Rating Scale: MARS (Richardson and Suinn 1972), to the 
experimental group and a control group exposed to traditional transmission methods of teaching. 
Reported results indicated that there were no statistically significant differences between math 
anxiety scores for the two groups. Fulton and O'Neill concluded that the mathematics anxiety 
reported in previous studies was greater than that identified by themselves. This they suggested may 
be due to improved counselling facilities and changes in social attitudes since the 1960s and 1970s.
Pozehl (1996) compared the mathematics anxiety and mathematical calculating ability of 
undergraduate nursing students, with that of a group of undergraduate students majoring in subjects 
other than nursing, at a large midwestem university in the USA. The 112 subjects were matched 
within two groups (i.e. 54 females and 2 males in each). The dependent variable of mathematics 
anxiety was measured by the Revised Mathematics Anxiety Rating Scale [RMARS], (Plake and 
Parker 1982). The authors reported that mathematics anxiety was higher for the nursing group, 
however similar to Fulton and O'Neill, this difference was not statistically significant. Nevertheless 
Pozehl (1996, p.38) claimed that the results of the study indicated that nursing students do suffer 
from mathematics anxiety, and in this respect
Nursing educators must endeavour to structure the learning environment such that 
mathematics anxiety is decreased and students attain a positive attitude toward 
mathematics.
Hence despite the general ambiguity between the levels of anxiety reported in studies over time, 
there is nevertheless evidence that adults and nursing students do experience mathematics anxiety.
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In terms of informing the development of the computer based program, I acknowledged that of 
particular relevance was:
* Linking numerical concepts to everyday and clinical nursing scenarios, and encouraging students 
to perceive medication dosage calculations as a process of'problem solving', rather than 'doing 
mathematics'.
* Keeping computations to a minimum.
+ Ensuring minimum ambiguity in numerical language, ensuring that formulae remained consistent 
throughout the programme.
» Ensuring that when posing dosage calculation questions, that students were not 'put on the spot', 
and that negative and positive responses to their answers were not made public to their peer 
group.
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1.9 j summary of Conceptual Phase
In conclusion this major chapter has examined the conceptual phase of the research process 
underpinning this thesis. There were two aims to this chapter, and I will now briefly summarise the 
major points that I have developed.
Aim 1:
To analyse the evolution of the problem at the study site between 1992-1997; and to review and 
evaluate literature pertinent to the initial theory development and hypothesis generating stage of 
this thesis.
a) Medication dosage calculations are underpinned by the use of fundamental arithmetic. This 
involves the ability to 1) understand the logic of a problem and to code information into a 
meaningful whole; 2) the ability to perform computations, e.g., multiplication and division of 
whole numbers, decimals and fractions.
b) Evidence from the international nursing literature indicate that registered nurses have committed 
a range of dosage calculation errors in written tests and in clinical nursing practice. Reported 
errors in clinical practice within the UK account for approximately 4-5% of all reported errors, 
however this may represent the tip of an iceberg. Moreover despite the small reported incidence, 
where these errors do occur this has sometimes led to tragedy for both the patient and the health 
care professional involved.
c) At the study site there was evidence of nursing students committing a range of conceptual and 
computation errors during written assessments. These errors commonly amounted to -5 to 625 
times the correct answer and caused concerns among both education and clinical staff, that 
written errors would spill over into clinical practice, and further contribute to errors detected by 
the hospital reporting systems.
d) The introduction of a basic numeracy test into the selection process resulted in a slight 
improvement in the number of students achieving the requisite 100% score in the written
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assessment. However lecturers continued to be perplexed by the amount of remedial assistance 
required to assist students to achieve the required standard during the CFP. Moreover between 
16-33% of students continued to leave the CFP not having met the required standard. A previous 
study of newly qualified registered nurses at the study site, reported that participants universally 
perceived that they had been ill-prepared to undertake medication dosage calculation and 
administration duties. In terms of computation ability, it was my intention to undertake an in- 
depth analysis of the performance of a sample of students' performance during the numeracy 
assessment. This was for the purpose of identifying the efficacy of the assessment at identifying 
the presence of computation skills critical to the solving of dosage problems, and to inform the 
design of future diagnostic assessments.
e) Following exposure of students to a didactic transmission method of teaching, and use of word 
problems, those students attending tutorials manifested poor conceptual models of the dosage 
problems to be solved. These students appeared to find difficulties in making connections 
between both clinical experience and classroom abstractions, and between classroom-based 
abstractions and experience, irrespective which came first.
f) My persona] observations between 1995-1997 led me to hypothesise that many students were 
failing to make semantic connections between the 'real life' medication dosage calculation 
features situated in clinical practice, and the word problems, dosage formulae and equations 
presented in the classroom. Many but not all students appeared to be failing to follow the 
'expert' problem-solving techniques presented by lecturers. Discussions between myself and 
colleagues involved in teaching of dosage calculation skills revealed that as experienced 
practitioners we had constructed personal 'conceptual models' of dosage problems, and mentally 
'visualised' features of dosage problems, e.g., prescription charts and ampoules etc., when we 
taught dosage calculations, using word problems. However students had no access to these 
'mental models' of ours, and in many cases found difficulty in drawing upon their own past 
clinical experiences to solve written dosage problems.
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g) An analysis of constructivist learning theory suggested that knowledge cannot be transmitted 
from person to person, but can only be personally constructed. Knowledge is cognitively 
organised into units called schema. This is a recursive process where facts are initially acquired 
in the process of accretion, and where previously constructed schema are reorganised in light of 
new experiences. Schema are gradually refined so that redundant steps are eliminated and the 
problem solving process becomes smoother and more rapid. A selective analysis of linguistic 
theory suggested that words are not 'containers of meaning'. Rather von Glaserfeld suggested 
that concepts are constructed by associating visual, auditory, tactual, smell and propriocecptive 
input from the experiential or sensory field with spoken or written words. Ultimately in the 
constructivist view a concept is learned when the individual can call up a mental visualisation of 
that concept when seeing or hearing the word that describes it. That is the individual constructs a 
semantic connection between the 'real life' iconic feature and the abstract word symbol, however 
the meaning of the concept is contained in the individuals mind - and not in the word.
h) Bruner suggested that the construction of concepts is effected by three modes that the individual 
uses to represent his or her world: The enactive mode involves representation through action. 
The iconic mode uses visual and mental images, and the symbolic mode uses symbols in the 
form of language and numbers. The sequence in which a learner encounters materials within a 
domain of knowledge affects the difficulty he will have achieving mastery. Bruner in common 
with von Glaserfeld states that there is no unique sequence for all learners, and the optimum for 
any particular case will depend upon past learning, stage of development, nature of the material, 
and individual differences. While the usual course of intellectual development moves from 
enactive through iconic to symbolic representation of the world, if a learner has a well developed 
symbolic system, it may be possible to by-pass the first two stages. However the lecturer does so 
with the risk that the learner may not possess the imagery to fall back on if his or her symbolic 
transformations fail to achieve a goal in problem solving. My observations at the study site 
appeared to confirm this theory. Some students appeared to experience no problems in learning
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dosage calculation skills following sole exposure to the symbolic features of word problems. 
That is they appeared on the basis of constructivist theory, to be able to draw upon and 
restructure previously constructed schema, such that they were able to accurately interpret the 
word problems presented in the classroom. However many other students attending tutorials 
demonstrated difficulties in understanding and developing conceptual models of the same 
dosage problems.
i) I hypothesised that for those learners who experienced difficulty in constructing appropriate 
conceptual models from word problems and symbols alone, exposure to combined iconic and 
symbolic features may assist their development of appropriate models of the problem to be 
solved. A series of very small scale experiments during tutorials, revealed that students were 
assisted by visualisation of montages of simple sketches of prescription charts and ampoules 
etc.; particularly when these iconic features were 'mapped onto' relevant abstract formulae and 
equations. This process significantly assisted student understanding of dosage problems, and the 
reduction of conceptual errors, but was less effective in assisting development of computation 
skills.
j) It was necessary to undertake a larger scale and more rigorous investigation of this process. I 
decided to design a more sophisticated version of the montages, in the form of a computer based 
'Authentic World' learning environment. To underpin and inform this design 1 have argued for:
1. The adoption of a fallibilist philosophy of mathematics learning. This centres upon the view of 
mathematics as human centred and promoting connections between abstract theory and real life 
problems.
2. The adoption of a process that accommodates for mathematics anxiety and mathephobia. This 
centres upon: Linking numerical concepts to everyday and clinical nursing scenarios, and 
encouraging students to perceive medication dosage calculations as a process of 'solving dosage 
problems', rather than 'doing mathematics'. Keeping computations to a minimum and ensuring 
that formulae remain consistent throughout the programme. Ensuring that students were not 'put
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on the spot', and that negative and positive responses to students answers were not made public 
to their peer group.
3. The adoption of a process that accommodated for learning style and preferences. This centres on 
an approach where assessment and reinforcement of both the grasshopper and inchworm 
learning styles is undertaken; and where students are prompted to integrate both styles by 
reinforcing both sequential step by step, paper and pencil processing, and global all at once 
mental processing. This takes cognisance of the fact that while I have argued for a constructivist 
approach, that there is evidence to support the view that both surface and deep approaches to 
learning need to be integrated during the problem solving process.
Aim 2:
To explain and illustrate the general action research framework which evolved to provide direction 
to the research process.
Given the exploratory nature of the problem to be investigated; the developmental and collaborative 
requirements underpinning the design of a computer-based 'Authentic World' learning 
environment, and a joint college and clinical based investigation; I have argued that a 3 cycle action 
research framework is an appropriate framework for the investigation.
The action research process has been described as a spiral. The process begins with identification of 
current issues associated with an identified problem. This is followed by planning, implementation 
and evaluation stages. Within the sphere of education this involves teachers looking at specific 
educational features, diagnosing problems and gradually developing and implementing methods 
aimed at improving learning. Involvement is an essential part of the philosophy of action research, 
and involves the promotion of active participation and social interaction within a group of 
individuals. During the current investigation, nursing students, fellow lecturers, clinical colleagues, a
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senior pharmacist and a senior lecturer in medical statistics acted as participants, co-researchers and 
critical advisors. To operationalise the aims of the investigation 1 have adopted an action research 
model that involves three stages:
Looking * Gathering initial relevant information and data
* Building a picture and describing and defining the situation. 
(Aims 1 & 2)
Thinking * Interpreting and initially theorising upon why things are as they are.
* Generating relevant hypotheses which can be tested empirically .
(Aims 1 & 2)
Acting * Planning and designing a course of action based upon defined theories 
and hypotheses (Aims 3 & 4)
* Implementing the plan (Aims 5-10)
* Evaluating the results (Aim 11)
These three phases act as a framework for the key elements of the investigation, and following 
completion of the Conceptual Phase of the thesis 1 now turn to the Design Phase.
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CHAPTER 2 
DESIGN & PLANNING PHASE
| Advanced organiser:
|l !H
(This chapter focuses on the planning and design of the investigation. Where relevant education and| 
I research methodology theory informed the design of the investigation, this is discussed and where |
I appropriate cross referenced with the theory I have previously introduced in Chapter 1. Given the |
I . I 
| exploratory nature of the investigation it was essential that each element of the design process be |
iji!; :£;
&£ &£
I described in detail. That is for the purposes of both comparison with previous studies in this area, j
| and future potential replicative studies, I have discussed the design process within the following |
I *
| sections:
Section 2.1: An introduction to the design and planning phase.* '"
| Section 2.2: The design and development of a computer based 'Authentic World' learning 
environment. j|
Section 2.3: Instruments used to measure performance during the written medication dosage 
calculation assessment. 1'-';. N!
Section 2.4: Instruments used to measure performance during the Cognitive Style in Mathematics 
I assessment. |
| Section 2.5: Specification of the population and selection of the sample. | 
1 Section 2.6: Description, and rationale of a cross-over/repeat measure experimental design, during
1 :':
* : r. .'•'-'.
| the college-based investigation. |
| Section 2.7: Statement of research questions and hypotheses and definition of variables. |
| Section 2.8: Ethical considerations during the college based investigation. I
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Section 2.1 An introduction to the design and planning phase
Throughout the conceptual phase of this thesis I have described and analysed the problem that 
existed at the study site, and introduced general research questions based upon the observations 
made at the study site between 1992-1997. In this chapter I will formally state the research 
questions and hypotheses to be tested during the college-based phase of the investigation. In this 
context while the statement of the problem identifies the phenomena under investigation, the 
hypothesis states the researcher's expectations concerning relationships between the variables under 
investigation (Polit and Hungler 1995). For the purposes of clarifying and operationalising the 
dependent and independent variables within the hypotheses I intend delaying formal statement of 
the hypotheses until Section 2.7 of this chapter.
That said, during the design and planning phase of the research process, the investigator must make 
a number of decisions regarding the methods to be used to address the research quesrion(s), to test 
the hypotheses, and to collect the data. Subsequently these methodological decisions have crucial 
implications for the validity and credibility of the study findings (Polit and Hungler 1995). Within 
the ensuing sections of this chapter, individual methodological issues will be addressed in terms of 
their planning, design and rationale.
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»: The rationale for this section is to provide a detailed account of how the key features of the theory |
| proposed in Chapter 1 were used to inform the design of a computer-based 'Authentic World'|
I 
learning environment. Essentially I took the germ of the idea derived from the observations I had j
ii
j!
made when exposing nursing students to hand drawn montages, and aimed to incorporate this into 1 
Jan interactive computer-based program. I set out to design a program which in addition toj 
I supporting general constructivist principles, was specifically based on the education principles f 
| described by Bruner (1975) and operationalised via the process of cognitive apprenticeship (Collins j
el al 1989). Ultimately 1 intended to explore the relationship between exposure to this process and I
i
1 novice nursing students' subsequent performance on a written fundamental medication dosage I
Si
(calculation assessment, and during medication dosage calculation problem solving situations injf
clinical nursing practice. Subsequently this section describes and discusses: I j
ii
11. The rationale for selecting a computer based learning environment as the education delivery I
j
system of choice; and the rationale for selection of the Illuminatus Multimedia Producer and | 
Microsoft Visual Basic as the technical authoring systems used for constructing the program.
2. The process of photographing and adapting 'real life' concrete features situated in clinical i 
practice, using a Canon Powershol 600 Digital Camera and Microsoft Image Composer.
[3. The design, construction and publishing process involved in the development of the computer] 
based 'Authentic World' learning environment and associated hard copy screen shots.
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Selection of a computer based learning environment
Given the observations I had made at the study site between 1992-1997, and the theory 1 had 
proposed, I was now faced with translating this constructivist theory into education practice. 
Jonassen (1991, p.ll; 1994, p.35) and Ernest (1995, p.485) isolated a number of design principles 
in the development of constructivist learning environments:
1. Demonstrate sensitivity toward and attentiveness to the learner's previous 
constructions.
2. Create real-world environments that employ the context in which learning is 
relevant, and represent the natural complexity of the real world.
3. Focus on realistic approaches to solving real-world problems and present authentic 
tasks (contextualizing rather than abstracting instruction).
4. Stress conceptual interrelatedness, providing multiple representations or 
perspectives on the content.
5. Provide tools and environments that help learners interpret the multiple perspectives 
of the world.
6. Use of multiple representations of mathematical concepts.
7. Focus on knowledge construction, not reproduction, and enable context-and content 
dependent knowledge construction.
8. Learning should be internally controlled and mediated by the learner.
My original intention had been to apply these principles within a programmed learning 
environment. Essentially I had intended to expose students to a contextualised -workbook 
incorporating a series of montages that gradually moved the student from an iconic to symbolic 
mode of reasoning. However on approaching my supervisor with this original idea, he suggested 
that a computer-based program would be a far more powerful tool for developing such an 
environment. Support for this view came from Murphy (1997) who stated that increasingly, 
researchers and educators were linking constructivism, technology and learning. Murphy argued that 
this is not surprising since many educators see computer-based learning environments offering 
strong support for the principles of the constructivist philosophy and additionally act as 
sophisticated cognitive tools. Murphy devised a 'constructivist checklist' which provides some 
insights into how constructivist concepts might be operationalized in an instructional setting. Figure 
24 illustrates an adapted version of the checklist designed by Murphy (1997). 1 have indicated under 
the 'supported' column those constructivist characteristics that I believed could be accommodated 
within the proposed prototype version of a computer based 'Authentic World' learning
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environment. Subsequently during the technical design period, this checklist was to act as an 
invaluable aide memoir of constructivist principles, and prompted the realisation that I would need 
to retain both intellectual and technical control of the development of the program if I was to remain 
true to these principles.










































Examples of how each of the 'supported characteristics' denoted in the checklist was 
accommodated for in the computer based program, will be discussed later within this section. The 
three concepts identified as 'not supported' or 'borderline' in Figure 24 illustrate from the outset the 
limitations of the computer based program. That is the program:
1. Could not, and was not intended to, replace direct teacher-student interaction; during which 
teachers act as coaches.
2. Did not directly encourage student collaboration in the development of knowledge. This was 
generally limited to the informal study groups organised on an ad hoc basis by the students 
themselves.
3. Was 'limited' in its consideration of students previous knowledge constructions. That is whilst it 
was intended that the program would introduce concepts such as volume and weight, and 
examples of medications, from an 'everyday' and 'commonplace' perspective, it was beyond the 
scope of the program to accommodate for all previous individual constructions.
Nevertheless on the basis of the montages and process I intended to illustrate, and the concepts 
identified by Murphy (1997) as being critical to the construction of knowledge, I contended that the 
use of a computer-based program was an appropriate education method for this purpose. This 
section continues with the technical specifications of the Illuminatus Multimedia Producer and 
Microsoft Visual Basic authoring systems, and the rationale for their selection as authoring tools.
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The rationale for selection of the Dluminatus Multimedia Producer and Visual Basic 
Authoring Systems
Having made a commitment to using a computer based platform for the design and delivery of the 
'Authentic World' learning environment, the next stage was to decide how and by whom this would 
be achieved. On discussing my ideas with a range of Media Resources staff it became evident that 
the 'concepts' that 1 was attempting to illustrate were as alien to these staff as they were to the 
novice students entering the nursing programme. Subsequently given the almost certain 'trial and 
error' process that would be involved in designing and developing the interactive montages, I 
realised that it was only myself that was close enough to the problem to be equipped with the 
'knowledge' to design and produce the computer program in the time period available. Therefore 
following consultation with my supervisor it was decided that the properties and user-friendliness of 
the Illuminatus Multimedia Producer were reasonably consistent with meeting the task at hand.
The Illuminatus Multimedia Producer
The Illuminatus Multimedia Producer - Version 4 is produced by Digital Workshop (1997). At its 
simplest Illuminatus allows the program designer to put together interactive and multimedia 
publications using the screen of a computer as the pages of an electronic book. It therefore allows 
novice computer program designers to create electronic versions of almost anything they can do on 
paper, with greater interactiveness and with the advantage of being able to add sound and moving 
pictures.
Each page can contain a mixture of text, pictures, animations, video and sounds or music. These 
multimedia elements can be part of the page when it is first electronically 'turned' by the student, 
can be delayed to appear later, or can appear in response to the student activating a button by 
clicking on it with the mouse. When the author has finished creating the publication a fully- 
independent and ready-to-run program can be published and written to CD-ROM. The process is
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much like creating a programmed learning booklet with a desktop publishing package, except the 
final result is an interactive multimedia document written to CD-ROM rather than printed on paper.
The llluminatus Producer cost approximately £150. However given that other commercially 
available Multimedia Producers were priced within the £4 000 - £5 000 range there were clearly 
limitations to what llluminatus could achieve. As 1 will describe in the ensuing section one major 
limitation was that llluminatus was not intended for the size of program (in Megabyte capacity) that 
I finally produced. Ultimately what I had originally produced as one continuous program needed to 
be divided up into five discrete sections and 'daisy-chained' together using Microsoft Visual Basic.
Microsoft Visual Basic
Microsoft Visual Basic allows the user to create high-performance 'Windows' type interfaces with 
native code links to individually constructed software programs. 1 used Microsoft Visual Basic to 
design a Windows interface that acted as a 'Menu Page', with mouse operated buttons. This menu 
'fronted' the program and accessed its five discrete sections:
» Introduction
4- Conversion of SI Units of Weight and Volume
4 Calculation of Oral Medication Dosages
» Calculation of Injection Dosages
* Calculation of Intravenous-Infusion Volume and Drop Rates
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The process of photographing and adapting 'real life' concrete features situated in clinical 
practice, using a Canon PowerShot 600 Digital Camera and Microsoft Image Composer.
Figure 25 
The Canon Power Shot 600 Digital Camera
Figure 25 illustrates a photograph of the Canon PowerShot 600 digital camera. This camera was 
recommended by the university Media Resources Unit as an appropriate model for the purposes of 
the close-up photography that was required for imaging: prescription charts, medication containers, 
tablets, capsules, ampoules, syringes, etc.. The key properties of the camera that prompted its 
selection were:
1. It was a very user friendly camera to operate.
2. The bright optical viewfinder made visualising small objects (e.g., tablets) easy.
3. The 7.5mm f/2.5 lens (equivalent to 50mm lens on 35mm cameras) facilitated sharp images 
from corner to corner.
4. It had a 'through the lens' auto focusing system which dispensed with having to adjust the focus 
for the type of close-up photography required.
5. The 'macro function' allowed shooting of close-up photographs down to a 4 inch focal length.
6. It had a built in flash unit which facilitated close-up photography within the confines of the 
artificially lit Media Resources Unit.
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7. A single fully charged battery lasted up to 480 shots.
8. Images could be directly downloaded to floppy disc for transport to my home computer, where 
the 'Authentic World' program was being constructed.
The photography of 'real life' medications and equipment
Following a review of typical examples of medication dosage calculation problems described in 
Section 1.5 and 1.7, discussions with colleagues from child, adult and mental health clinical 
backgrounds and a review of the British National Formulary, a list of commonly administered 
medications and IV infusion fluids was drawn up. This was reviewed by a Senior Clinical 
Pharmacist for authenticity of prescribed dosage, who subsequently dispensed a range of 
medications for oral, injection and IV infusion administration. These were dispensed under my 
personal direction and were to be returned to the hospital pharmacy within 28 days for destruction.
A number of examples that had been included in the written medication dosage calculation 
assessment at the study site up to that point, had to be omitted, as by definition an 'Authentic 
World' learning environment could only include those dosage problems that existed in reality. 
Nevertheless the medication dosages dispensed from the pharmacy were generally consistent with 
those previously included in the written dosage calculation assessment; and would form the basis of 
the written assessments described in Section 2.3. Following study of the Canon PowerShot 600 
Digital Camera User Manual, and seeking advice from the staff at the Media Resources Unit, the 
following technical aspects of digital photography were addressed:
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Selecting an appropriate background
The background should make the object jump out, and not overwhelm it. White, yellow and orange 
backgrounds were selected depending on the colour of the medication containers and tablets ,etc. 
being photographed.
The problem of a 'Parallax' view
The optical viewfinder of a camera is usually offset from the axis of the lens. In the case of the 
Canon PowerShot 600 camera, the lens lies slightly below the viewfinder window (see Figure 25). 
This means that the closer one gets to an object, the more likely it is that one is seeing a 'parallax' 
view that is different from, and offset from the one seen by the image sensor. When photographing 
objects at the minimum focal length, this problem can be overcome by centering the object in the 
'lower frame' of the viewfinder window (see Figure 26).
Figure 26 
Framing of objects during minimum focal length digital photography
r El Frame the shot within the normal frame 
and press the Shutter Button halfway.
lnsert the Battery.
Set the COLOR - B/W TEXT 
Mode Selector to "COLOR."
Choosing a lens or mode
The lens or mode selected for close-up and tabletop photography depends partly on the size of the 
objects being photographed. Photographing small tablets and capsules required the use of the 
'macro mode' facility. The minimum focusing distance of the camera (in this case 4 inches)
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facilitated a reasonably large and crisp image of tablets and capsules etc. The key aim was to get to 
a large image surrounded by a small background. Figure 27 illustrates examples of digital 
photographs of tablets and a capsules taken with the Canon 600 PavoerShot camera.
Figure 27
Digital photographs of tablets and capsules with a minimised background 
a b
Lighting
The objects needed to be illuminated properly to accentuate detail and colour. An overhead 
spoflamp was used to minimise the effect of shadow, however in most instances total avoidance of 
this was unavoidable (see Figure 26b).
Cropping
The 'cropping' facility of the digital equipment facilitated the removal or 'cropping out' of 
unwanted background areas.
Camera Movement.
One major problem which resulted in unsharp pictures was camera movement during the exposure. 
Ultimately experience demonstrated that this could be overcome by strategies such as: holding the 
camera steadily and depressing the shutter release smoothly; and when performing overhead 
photography of tablets and capsules that were often only a few millimetres in diameter, this required 
bracing of the camera against the face, inhaling deeply, then exhaling and holding ones breath while 
depressing the shutter button.
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Once a satisfactory image was obtained, this was saved to floppy disc in a compressed image 
format of either GIF (Graphic Interchange Format) or JPEG (Joint Photographic Experts Group), 
and downloaded to the hard disc of my desktop computer, where the images were further enhanced 
and manipulated using Microsoft Image Composer.
The use of Microsoft Image Composer
Microsoft Image Composer is a Windows based tool that facilitates the arrangement, customisation 
and creation of on-screen images. This tool manipulates pre-existing images by:
• Cropping, sharpening and enlarging pre-existing images. Figure 27 illustrates the sharpening and 
cropping of unwanted background from an original digital photograph.
Figure 27
Cropping and sharpening using Microsoft Image Composer
pre-sharpening and cropping post-sharpening and cropping
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Providing a wide range of coloured borders to an image. Colour coding of images was an 
integral component of the 'Authentic World' learning environment, and was used extensively to 
assist learners to distinguish between: Prescribed dose (red border), Dispensed dose (green 
border), Vehicle dispensed dose 'contained in' (blue border). Figure 28 illustrates the adding of 
a coloured border using Microsoft Image Composer.
Figure 28 
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Adding or superimposing text on a digital photograph image. This was particularly useful for 
simulating written prescription charts, using a range of fonts (see Figure 29).
Figure 29 





Grouping images into a montage. This was very useful for creating groups of images prior to 
downloading to the Illuminatus Multimedia Producer. Figure 30 illustrates a montage that was 
gradually exposed to the learner, segment by segment, using the timed exposure facility of 
Illuminates, and which explains the weight:volume ratio of an ampoule of Naloxone.
Figure 30 
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* Adding shadow to text and images.
* Manipulation of image texture and transparency. This facility was useful for altering the 
sharpness and texture of images, and providing partial transparency of an image such that it 
could be superimposed over a second image without obscuring it.
The photography was undertaken during the month of July 1998, which facilitated virtually free 
access to campus facilities during the university summer vacation period. Following final 
manipulation of the digital photographs via Microsoft Image Composer they were downloaded to 
the llluminatus Multimedia Producer where the 'Authentic World' program was constructed.
Prior to discussing the design and construction of the 'Authentic World' program, I will give 
essential details of the desk top computer on which the program was constructed. This was aMitac 
486 fitted with a 6x86 PI33+ Processor which facilitated an equal performance to that of the Intel 
P133 Pentium processor, and runs at a clock speed of 133mhz. The computer was fitted with a 1.1 
Gigabyte hard disc and 40 Megabytes of RAM. Essentially this was a low specification computer, 
which indicates that while a high specification computer certainly makes program design easier, this 
is not essential.
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The design, construction and publishing process involved in the development of the computer 
based 'Authentic World' learning environment and associated hard copy screen shots.
The whole process from initial purchase of Uluminatus, to writing the 'Authentic World' program 
to CD-ROM, occurred during the five month period between August to December 1998 inclusive. 
As a part time Ph.D. student I received one study day per week, and 1 estimated that I spent 
approximately 20-25 hours per week constructing the program. This amounted to approximately 
400-500 program construction hours. Despite the steep learning curve involved in developing these 
skills, I am now of the firm opinion that educationalists require only time and application to 
produce very powerful interactive learning environments. Given the limited space within this thesis 
I will now provide a rationale for, and examples of the construction process used within each of the 
five sections.
Given the exploratory nature of the design process it was essential to pilot each element of the 
program as it was developed. Therefore 1 consulted with a range of novice and senior students 
throughout the period of designing and constructing the computer program. It was impossible to 
consistently consult with the same students throughout this period, due to their widespread clinical 
placements. Nevertheless in tune with the ethos of action research, the feedback I received from a 
range of students was invaluable in shaping the design of the prototype program.
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Introduction Section:
As the title implies this section introduced the format and design of the program and explained how 
each section was organised and operated. This involved a range of fundamental principles:
1. The title of the program 'EASY-2-SOLVE' was selected to provide the learner with a message 
that fundamental medication dosage calculations did not involve the use of advanced 
mathematics. Essentially I wanted to reinforce the notion of medication dosage calculations as an 
essential problem-solving aspect of clinical nursing practice, and not as an abstract classroom 
based exercise.
2. The operation of the program needed to be user friendly and consistently easy to operate. This 
was achieved by designing the program such that all on-screen buttons and operations were 
performed by clicking with the left mouse button. A key emphasis throughout the program was 
to reinforce verbal instructions with on-screen iconic information. Figure 31 illustrates the on­ 
screen icons used to reinforce the verbal instruction to 'operate on-screen buttons with a single 
click of the left mouse button'.
Figure 31: The use of on-screen icons to reinforce verbal instructions
n
5K:--'
3. An explanation was provided which highlighted that while hand held calculators were useful 
tools, that they should not be used until the learner had grasped the ability to perform essential
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fundamental computation skills. Students were encouraged to use both mental arithmetic based 
problem solving and pencil and paper to solve the problems posed within the program. This 
centered upon the premise that learners should be encouraged to utilise and integrate both 
'grasshopper' and 'inchworm' problem solving strategies to confirm the correctness of their 
answer (Bath and Blais 1993). Figure 32 illustrates the on-screen icons used to reinforce this 
premise.
Figure 32 




pencil and paper 
to solve problems
4. Each section was designed to follow a set format:
• Learners were provided with a list of key learning objectives which explained both the learning 
outcomes and clinical rationale for that section.
• As discussed in the first chapter of the thesis, approximately 40% of students at the study site 
passed the written dosage calculation assessment at the first attempt, and appeared to experience 
little difficulty in operating within a symbolic mode of reasoning. Given this observation I built
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in a 'self assessment' component at the commencement of each section. This provided an 
opportunity for all students to identify their current level of fundamental computation skill 
within the section domain. The basic design of this and other initial assessment sections 
throughout the program was based upon a 'drag and drop' facility built into the Illuminatos 
Multimedia Producer. Figure 32 provides an example of the design of a typical self assessment 
section, incorporating the 'drag and drop' facility. Essentially the program commentary and on 
screen commands, instructed the student to 'click on' the appropriate answer with the left mouse 
button; to 'hold down' the mouse button and 'drag' the selected answer into the answer box; on 
releasing the mouse button the student was informed of the correctness of their answer.
Figure 32 
The design of a typical self assessment section incorporating a 'drag and drop facility'
Question
1 litre = How many ml
1 gram = how many mg
1 mg — how many meg
1000 - 1000 =
500 - 1000 =
0.1 x 1000 =
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I designed the program such that on 'dragging' the selected answer into the 'answer box' the learner 
was presented with one of three spoken responses:
• A 'correct' answer prompted a humorous verbal response indicating that the learner had 
correctly answered the question, e.g., 'you're such a genius'.
• An answer which was less than the correct answer prompted a humorous verbal response 
indicating that it was 'too low'.
• An answer which was greater than the correct answer prompted a humorous verbal response 
indicating that it was 'too high'.
These responses were intended to provide feedback on performance in a 'non threatening 
environment'. I was acutely aware of the stigma attached to poor computational ability and of the 
anxiety that assessments of a mathematical nature produced among many individuals. Subsequently 
for the purposes of both ensuring a 'quiet and relaxed' environment within the computer laboratory 
where the program would be used; and to avoid the stigma associated other students being aware 
that someone had 'answered a question incorrectly - by virtue of the verbal response', all students 
were supplied with headphones, which ensured that all program responses remained personal to that 
student.
• Following completion of the self assessment exercise students were provided with a series of 
three options:
==> Reveal the correct answers.
=> Go to the tutorial section where the learner was exposed to a series of exercises intended to 
move the learner through the three phases illustrated in Figure 22. That is 'modelling' of typical 
clinical dosage problems within that domain; 'coaching' via use of scaffolding which 
represented links between iconic and symbolic features of dosage problems; and 'fading' via 
removal of scaffolding and iconic features and a shift to a word problem assessment of problem 
solving and computation ability.
=> Quit the program
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5. On completion of each section students were exposed to a series of word problems, to assess 
whether they had successfully developed a conceptual model of the relevant features of the 
problem, and had moved toward a symbolic mode of reasoning. I had intended designing this 
element of the program such that the student would be required to calculate the answer and then 
'type the response' into a designated answer box containing a 'flashing cursor'. The Illuminates 
Multimedia Producer, has a facility to perform this function, which provides a requisite response 
to answers that are:
=> Correct
=> Less than the correct answer
=> Greater than the correct answer
=> Equal to or less than the correct answer
=> Equal to or greater than the correct answer.
However following exhaustive testing of this facility it became evident that the program worked 
perfectly for integer (whole number) responses, however it followed the standard mathematical 
convention for decimal fractions. That is where a correct answer was 1.6 it effectively 'rounded up' 
the response to the next whole number, i.e. 2 (two). Hence any response between 1.6 and 2 was 
'accepted as correct'. Subsequently the program was not sensitive enough to distinguish the typical 
correct and incorrect answers for injection dosages etc.. This was a clear limitation of the 
Illuminatos Multimedia Producer and resulted in this final section being designed as a series of 
word problems, situated adjacent a series of answer boxes. This required the student to calculate the 
answer to the problem, and then to 'click on' the appropriate answer box with the left mouse, to 
reveal the 'correct answer'. Essentially this process was a compromise and future researchers in this 
area should consider use of a more robust Multimedia Producer that is sensitive to requisite decimal 
fraction responses. This section now continues with illustrative examples of the modelling, coaching
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and fading phases incorporated into the conversion of SI unit, oral medication, injection and IV 
infusion sections of the 'Authentic World' program.
Conversion of SI units of weight and volume
Previous observations at the study site indicated that many students struggled with the notion of SI 
units of volume (e.g., litres and millilitres) and particularly weight (e.g., grams, milligrams and 
micrograms). The construction of these concepts was essential for performing conversions between 
SI units in clinical practice, and for understanding weight:volume ratios within dispensed doses of 
medications. It became clear from previous observations that many students had failed to develop 
conceptual models of these concepts. This being manifested by students commonly moving the 
decimal point in the wrong direction when multiplying or dividing by a thousand during these 
conversions. During discussions with students it emerged that many students' previous 
constructions in this area were of a very fundamental and often naive nature, and I recognised that 
this is where I needed to commence facilitation of the 'constructive process'.
The concept of volume
Taking into account the constructivist principles of considering previous knowledge constructions, 
authentic activities and contexts, and conceptual interrelatedness, I aimed to:
a) Link common concepts of volume with examples of typical volumes encountered in clinical 
nursing practice.
b) Illustrate how common 'brand name' labels include numerical information which informs the 
consumer of its estimated volume. Subsequently how pre-existing conceptual models can act as 
a building block for construction of schema in the domain of medication and intravenous 
infusion volumes.
Figure 33 illustrates the construction of a montage aimed at facilitating conceptual links between 











Exposure to the 'modelling' phase was followed by a 'coaching' phase, involving 
scaffolding in the form of links between numerical information contained in labels, and the 
positioning of decimal points. Figure 34 illustrates an example of scaffolding links 
between numerical information contained in 'brand' and IV infusion container labels, and 
the relevant positioning of decimal points.
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Figure 34









Subsequently the method for multiplying and dividing by 1000 via decimal point movement was 
illustrated, and supported by 'real life' examples of volume conversions taken from clinical nursing 
practice. In the final 'fading' phase, students were exposed to word problems of typical volume 
conversions.
The concept of weight
In terms of developing conceptual models of SI units, by far the greatest problem area experienced 
by students, involved that of weight. Many students manifested extreme naivety regarding the 
concepts of 'gram', 'milligram' and 'microgram', and appeared in many cases unable to 'visualise' 
approximate quantities of common substances, e.g. table salt, flour etc.. Therefore in attempting to 
build upon pre-existing schema for weight, this posed considerable problems. Of particular concern 
were the reports from the literature and the noted problems identified by the local Trust's error
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reporting systems, of errors related to decimal point misplacement. That is if students possessed 
poor conceptual models and 'frames of reference' regarding the notion of 'gram', 'milligram' and 
'microgram' weights, then the bizarre errors noted during conversions between such weights 
became more understandable. Ultimately following undertaking discussions and a number of 
informal experiments with a range of students, it appeared that direct 'visualisation' of relative 
quantities of substances proved the most effective method for assisting development of relevant 
conceptual models. Subsequently a 'gram', 'milligram' and 'microgram' of household flour were 
'weighed out' on a set of pharmacy scales and built into a montage with a blue coloured ruler; this 
for the purposes of both comparison of size perspective and colour contrast. Given that the 
'microgram' quantity was 171000,000th of a 'gram' 1 had to increase the quantity to facilitate 
visualisation on the photograph. Nevertheless I reasoned that while strict accuracy could not be 
achieved within the photograph, it did provide a reasonable illustration of the comparative 
differences in the quantities associated with these three weights. Moreover tangible examples of 
such weight differences are extremely rare within 'everyday life', and the students 1 piloted this 
example with were quite shocked at both the 'size of a milligram and a microgram'; and the idea 
that such 'small chemical quantities' could produce such profound effects within the body. Figure 
35 shows the montage used to illustrate the relative approximate difference between a 'gram', 
'milligram' and 'microgram' quantity. This was enhanced and manipulated using Microsoft Image 
Composer, to provide an enlarged and crisper version of the photograph.
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Figure 35
Montage illustrating the relative approximate difference between a 'gram', 
'milligram' and 'microgram' quantity of household flour







The patchy discolorations along the left hand edge of the photograph are produced by a 
phenomenon called 'palette clash'. The Illuminates Multimedia Producer is designed to avoid this 
phenomenon, however when using a 256-colour graphic, and particularly when transferring images 
between two programmes, there are not 'enough colours' available to accommodate the image. This 
did not create a great problem, however it does potentially distract the student's attention from the 
main focus of the image and should be noted by future researchers in this area.
Subsequently the method for multiplying and dividing by 1000 via decimal point movement was 
illustrated, and supported by 'real life' examples of weight conversions taken from clinical nursing
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practice. In the final 'fading' phase, students were exposed to word problems of typical weight 
conversions.
The remainder of this section continues with examples of the modelling, coaching and fading 
phases of the oral medication, injection and IV infusion elements of the computer program. In line 
with the principles of constructivism, the elements of weight and volume contained within this 
section were built upon and comprehensively applied within the liquid medicine and injection 
sections of the program. Given the word limits of the thesis I will provide a 'general model' which 
acted as a template for the design of all the subsequent sections of the program. I will explain this in 
detail for the 'tablet and capsule' section, and will then only include the elements of the other 
sections where a key difference occurred.
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General Model for the Section Designs - Oral medications (tablets and capsules)
Following the self assessment component of this section, students were exposed to a series of 
montages illustrating the concepts of 'prescribed dose', 'dispensed dose' and dispensed dose 
'contained in'. Each of these elements were specifically and consistently colour coded to aid student 
recognition and location within formulae and equations. Figure 36 illustrates a montage that was 
gradually 'built up' to assist the student to construct a conceptual model of the key elements of a 
typical prescription chart and order. The rationale for this was that registered nurses must be able to 
locate and extract the key 'word' and 'numerical' information from a prescription order, such that it 
can be mapped to both the 'word descriptions within formulae' and the 'relevant number within the 
equation'.
Figure 36
A montage illustrating the key 'word' and 'numerical' information located within a 
prescription order, including relevant colour coding of prescription chart
REGULAR PRESCRIPTIONS
This box refers to
re-scribed by the 
doctor





This box refers to: 
c prescribed 
rout(->
Subsequently students were exposed to illustrations of 'dispensed dose' and the vehicle the 
dispensed dose is 'contained in'. The rationale for ihis is that registered nurses must be able to
168
distinguish between these two elements of the medication dispensed from the pharmacy. 
Observations at the study site indicated that students commonly made errors when distinguishing 
between these components of dispensed medications. I reasoned that commencing with tablets and 
capsules provided the best opportunity for building upon previous schema for dispensed dose and 
vehicle, as the majority of adults would have experienced self administration of medications in this 
form. Figure 37 illustrates a montage with relevant colour coding for these elements (red - 
prescribed dose; green - dispensed dose; blue - vehicle dispensed dose contained in)..
Figure 37












To assist the development of conceptual models of 'dispensed dose' and 'contained in', where 
possible the examples of medications selected for inclusion in the program, included numerical 
information 'embedded' within the dispensed dose vehicle. This is illustrated in Figure 37, via the 
selection of a Diazepam 2 mg tablet.
The process illustrated in Figure's 36 and 37 was aimed at making semantic connections between 
'concrete features' present in the learners experiential (sensory) field, and the 'words' used to
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represent these features. This followed the model described by von Glaserfeld (1987), as illustrated 
in Figure 19 and which incorporated exposure to:
a) Visual representations of the objects viewed by the learner in the on-screen icons.
b) Visual representation of the graphemes (fundamental written expressions) which the learner read 
on the screen.
c) Auditory representation of words which the learner listened to via the program commentary.
This process together with what follows formed a 'general model' for the design of all the ensuing 
sections of the 'Authentic World' program. Hence having introduced and defined the individual 
features of dosage problems involving tablets and capsules, the next stage was to model these 
features within a combined montage. Figure 38 illustrates a typical 'modelling' phase, adapted from 
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The modelling phase was important not only for the purpose of exposing the student to the key 
iconic features of the dosage problem, but also to provide a 'global' view of the whole problem. As 
previously discussed I intended to explore whether there was a relationship between exposure to 
teaching methods requiring use of 'global, all at once processing' and 'sequential, step by step, 
pencil and paper processing', and the subsequent dosage calculation performance of students 
manifesting 'inchworm', 'intermediate' and 'grasshopper' styles. Bath and Blais (1993) had
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suggested that learners manifesting an inchworm style would prefer exposure to formulae that 
remained consistent throughout the programme, while learners manifesting a grasshopper style 
would prefer to visualise the 'concrete' elements of the problem. Strategies that encouraged 
integration of these processes could promote back up problem solving and computation skills. 
However I could find nothing in the literature to empirically support these suggestions, and I 
intended to make a simple comparison between students manifesting the three styles and their 
performance on the written assessment following exposure to either didactic or 'Authentic World' 
teaching strategies. This component of the study will be returned to in Chapters 3 and 4, and 1 will 
now continue with an illustration of the 'coaching' phase of the process.
This involved 'scaffolding' students' learning, by providing links between the iconic features 
illustrated in the modelling phase, and the relevant 'numbers' located within the dosage calculation 
formula and equation used at the study site. These 'links' took the form of coloured arrows which 
'mapped' relevant iconic features and their 'word titles' onto relevant numbers located within the 
equation. Figure 39 provides an example of the coaching phase for tablets and capsules.
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Figure 39 
A example of the 'coaching' phase of concept construction (tablets and capsules)
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Following exposure to this phase the student was taken through a series of graduated exercises, that 
incorporated the key iconic elements of typical dosage problems. Students were prompted to use 
both mental arithmetic and pencil and paper to solve the problems, and were then provided with a
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series of options from a 'drag and drop' facility to check if they had calculated the problem solution 
correctly. Figure 40 illustrates a montage which provides an example of this process.
Figure 40
A montage illustrating a typical tablet and capsule medication dosage problem, 
incorporating a drag and drop facility
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give to the patient?
A feature of these examples was the presentation of 'drag and drop' examples that were realistic in 
terms of common dosages. That is the four answer options illustrated in Figure 40 ranged from 1 to 
4 tablets, this indicating that calculated answers of greater than 4 tablets were 'very uncommon' in 
clinical nursing practice. This was aimed at providing students with a 'frame of reference' for
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typical dosage ranges in clinical practice. Additionally it will be noted that in this example the 
student was presented with a problem that required the 'conversion' of 1 gram to milligrams before 
the problem could be solved. This illustrates the perpetually constructive nature of the program, and 
one method for assisting students to continually 'update the mental model' for these type of 
problems. Moreover the recursive nature of the presented 'real life' problems was aimed at 
stimulating metacognitive processes which encouraged deliberate attention to knowledge 
development, and provided students with the opportunity to compare their own thought processes 
with that of expert practitioners.
Having worked through these series of problems, the student was presented with a series of word 
problems similar to that described in the conversion of SI unit section. On completion of the word 
problems, students had the facility to either return to the tutorial section, or to the main menu where 
they were prompted to move on to the next section.
Liquid Medicine and Injection sections
These sections were constructed using the same general model template as the tablet and capsule 
section. However within these sections the concept of weightvolume ratio was introduced. This 
once again, in tune with the theory of constructivism, 'built upon' previous concepts introduced in 
the conversion of SI unit section; and required the student to reorganize previously constructed 
schema for weight and volume, and to now integrate them for application to solving liquid medicine 
and injection dosage problems. Figure 41 provides a montage that illustrates the extraction of 
relevant weightivolume word and numerical information from a liquid medicine label.
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Figure 41
A montage illustrating the weightrvolume ratio information extracted from a liquid medicine
bottle label
Dispensed
pa02AC « LIQU1D'his means 
that 20 me 
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20 mg per S ml
, . each 5 ml
Weight I Volume
As shown in Figure 41, examples of commonly prescribed and well known drugs were used to 
illustrate the concept of weight:volume ratios. This was to facilitate the building of what were quite 
complex concepts by using examples of drugs that were commonly experienced in the public 
domain. Following illustration and explanation of the concept of weight:volume ratio, this was 
applied to the general model described within the tablet and capsule section. Figures 42 and 43 
illustrate this concept applied to the construction of montages using the drag and drop facility, 
within the liquid medicine and injection sections.
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Figure 42
A montage illustrating the concept of prescribed dose and the weight:volume ratio of a
dispensed liquid medicine dosage
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Figure 43
A montage illustrating the concept of prescribed dose and the weightrvolume ratio of a
dispensed injection dosage
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As described previously on dragging the selected answer into the 'answer box' students received a 
humorous response indicating that their answer was: correct, too high or too low. The injection 
section also included a series of problems based upon the calculation of dosages involving 'units' of 
insulin. Previous observations at the study site revealed that students commonly failed to grasp the 
idea that the formula for calculating injection dosages involving 'SI units of weight' or 
'International units' of insulin etc. involved the same principle. Therefore a series of graded 
exercises were incorporated to facilitate the development of schema in this respect. On completion 
of these 'real life' problems, students were presented with a series of word problems, as previously
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described within the general model template. Subsequently students were prompted to commence 
the final Intravenous Infusion section of the program.
Intravenous infusion section
The general understanding and computation of intravenous infusion volume and drop rates 
produced considerable problems for students at the study site. These problems centred upon:
a) A general failure by many students to understand the notion of IV fluids being administered in a 
volume:time ratio, i.e., as millilitres per hour; or in a fluid drop:time ratio, i.e., as drops per 
minute. Interviews with students indicated that many experienced great difficulties with 
understanding the logic of the rather cumbersome formulae described in Figures 10 and 11.
b) Computation problems associated with 'cancelling and simplifying' the relatively large numbers 
contained within the equation; and division of large numbers without the aid of a calculator.
Subsequently I took a two pronged approach when tackling these issues:
1. hi line with the constructivist approaches I had previously used in designing the program, I set 
out to construct montages aimed at assisting development of conceptual models, via linking 
iconic features of IV infusion problems with both the relevant word based formulae and 
equations. I drew on this process extensively during the design of both the ml/hour and 
drops/minute components of the program.
2. I drew on the work of George Poly a the Harvard University mathematician, who suggested the 
use of 'heuristics' when solving complex mathematical problems; and the gestalt theories of 
Kantona (1940). These strategies were used during the design of the drops/minute component of 
the program and will be discussed during that section.
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Calculating volume to be administered in millilitres per hour
This section commenced with the design of montages that linked key word and numerical 
information contained within labels of intravenous infusion fluid containers, with IV fluid 
prescription charts, a clock, and the equation used to calculate millilitres to be administered per hour 
(i.e., Volume divided by Time). Figure 44 shows a montage illustrating these key concepts.
Figure 44
A montage illustrating the links between key word and numerical information contained 
within an IV fluid container label, a fluid prescription chart, a clock, and the equation used
to calculate millilitres/hour
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Following this students were taken through a series of exercises aimed at developing a conceptual 
model for drops to be administered per minute. The formula for calculating drops per minute is 
dictated by the type of intravenous fluid administration set used. At the study site and the Health 
Care Trusts that it served, there were three types of administration set commonly used in clinical 
practice:
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a) A microdrop administration set which delivered 60 drops per milblitre
b) A standard administration set which delivered 20 drops per millilitre
c) A blood administration set which delivered 15 drops per millilitre
The calculation of the number of drops to be administered per minute caused considerable problems 
for students at the study site. It became clear from exchanges with students that many experienced 
great difficulty in developing accurate conceptual models for 'drops per millilitre' and how 
variations in 'drop size' influenced the 'drop rate' per minute. To assist in developing conceptual 
models for this process I undertook a range of simple experiments with students, and concluded 
that:
1. Students who visualised representations and comparisons of the different sized drops 'contained 
in' 1 millilitre developed a relevant conceptual model more rapidly.
2. Building the concept of a 'drop rate denominator' derived from an 'emergent rule' based upon 
millilitres/hour divided by the number of drops per ] millilitre delivered by the three 
administration sets, acted as a 'rule of thumb heuristic' and significantly simplified the problem 
to be solved. This principle relied heavily upon students recognising a figure-ground relationship 
between the numbers contained within the equation.
Heuristic is the study of the methods and rules of discovery and invention, and is aimed at assisting 
learners to understand the process of solving problems. Polya (1971) identified a number of key 
stages during this process:
» The student has to understand the problem and to see what is required to solve it.
* The student has see how the various items of a problem are connected. That is the student must 
discover how the unknown is linked to the data.
» The student must devise, implement and review a plan to solve the problem.
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I was particularly interested in simplifying the process used for calculating infusion drop rates, and 
adopted the principle illustrated in Figure 45.
Figure 45
3 montages illustrating the building of a concept and rule of thumb heuristic for a 'drop rate 
denominator': Example illustrated for 100 millilitres / hour
Administration set 
delivers:












































The rationale for attempting to stimulate recognition of this emergent rule is based upon the 
principle of a figure-ground relation. It emerged from observations at the study site that in addition 
to a failure to build conceptual models of infusion problems, students were attempting to memorise 
the cumbersome formula for drop rate without understanding the relation between its individual 
elements. Hence in addition to the use of heuristic principles, I drew heavily upon the application of 
the 'gestalt' theories of Kantona (1940) when designing this component of the program. Svensson 
(1984) cited one of Kantona's (1940) Gestalt experiments on the role of organisation of learning.
Kantona gave his subjects a series of figures to 'learn' i.e.
5, 8,12, 15, 19, 22, 26
Some of the subjects tried to memorize each numeral, while others discovered a regularity in the 
series, i.e. they found that it could be structured in terms of numbers with the alternating differences 
of 3 and 4 between them, i.e.
5(3) 8(4)12(3) 15(4)19(3)22(4)26
Those subjects who discovered the principle solved the problem quickly and their long term 
retention was much better than those who simply memorized the numerals. In order to remember 
the sequence by means of the principle, the first numeral must be known. Svensson stated that there 
is a kind of figure-ground relation between the first numeral and the others when the series is 
learned by means of the organizing principle. Whilst this figure-ground principle is absent when 
each numeral is memorized separately. Subsequently it is impossible to discover the principle which 
concerns the relation between the numerals, when only one numeral is focused upon at a time; i.e. 
the numerals must be viewed in relation to each other in order to see the regularity. When this is 
done the set of numerals changes meaning - it is viewed then as an ordered sequence. However the
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grouping cannot be made unless the idea of regularity is already present in some form (within the 
organisation of the presented material).
Kantona derived three key conclusions from his experiments:
1. The qualitatively different ways in which a certain material is understood correspond to 
qualitatively different ways in which the material is subjectively organized by the learner.
2. Changes in meaning originate from acts of structuring, but acts of structuring presuppose 
changes in meaning - the two aspects of the learner's activity thus being intertwined in a 
dialectical interplay.
3. In order to establish a structure, i.e. relations between components, these components have to be 
seen in relation to each other; they have to be seen as parts of the same whole.
Hence on the basis of these conclusions I reasoned that exposing students to an emerging pattern of 
numbered drop rate denominators, would assist novice learners to identify the relation between the 
divisors used when computing drop rates associated with the three IV infusion administration sets. 
Subsequently following exposure to the exercises based upon these principles, and in line with the 
general model template of the program, students were exposed to a series of word problems. This 
concluded the program.
Ultimately on the basis of the observations I had made at the study site I hypothesised that the 
seminal work of Benner (1984), which analysed the typical stages of development of skilled 
practice in nursing, highlighted a key flaw in a range of domains within the professional education 
of nursing students. That is Benner suggested that in the development of skilled practice in nursing, 
individuals passed through a range of stages. In terms of novice students she claimed that they:
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Have no experience of the situation they face.
Are taught context-free rules to guide their actions.
Demonstrate rule-governed behaviour which is extremely limited and inflexible.
Enter a new clinical area with little understanding of the contextual meaning of the recently 
learned textbook terms.
However it was my contention that novice students could be assisted to narrow the gap between 
theory and practice by co-locating key elements of clinical practice alongside classroom based 
theory. Subsequently in designing and constructing a prototype computer based 'Authentic World' 
learning environment, 1 intended to formally explore whether exposure to this process assisted 
novice learners to:
• Solve medication dosage calculation problems during a written assessment.
• Understand and solve 'real life' medication dosage calculation problems encountered in clinical 
nursing practice. That is following exposure to the 'Authentic World' learning environment and 
didactic teaching methods, was performance on the written assessment predictive of 
performance during clinically based problem solving situations.
The remainder of this thesis is now devoted to exploring these issues.
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Section 2.3 Instruments used to measure performance during the written 
medication dosage calculation assessment
Section abstract:
BBBji!^^ ^ 
rationale for this section is to explain the rationale for the design of the written assessments!
it
{utilised during the college based phase of the experiment. As previously discussed, given that there |
I was no universal fundamental written dosage calculation assessment utilised within Wales, UK, the | 
I I 
(assessments used in the study had to be designed and constructed by myself The key emphasis j
) during the design process was to provide 'Authentic World' examples of fundamental dosage j
I I 
\ I
\ calculation problems, encountered in child, adult and mental health care settings. Resources used in | 
\ this process were: a review of the current dosage calculation assessment used at the study site; 1
! I
(personal observations of dosage problems existing in local Health Care Trust: child, adult and!
j 
mental health care settings; descriptions of common dosage problems provided by both clinical |
nursing staff and link lecturers within these three settings; reference to the British National |
|
Formulary (BNF); and the advice of a senior clinical pharmacist employed by a large local Health Jf
Care Trust. This section concludes with an illustration and rationale for the design of the written f
| assessment question and answer sheets.
The design of the instruments used during the written medication dosage calculation assessments, 
focused upon identifying the content and the structure of the question and answer sheets. A review 
of the current dosage calculation assessment used at the study site revealed that some questions did 
not in fact exist in reality. The main reason for this was that following a move toward 'unit dose' 
dispensing policies, some previous medication dosage problems no longer existed. However these 
questions accounted for a minority of the problems posed in the current assessment instruments, and 
the main structure of this assessment was therefore retained. Nevertheless I was keen to provide 
examples of 'Authentic World' problems, and needed to 'immerse myself in a range of clinical
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settings to get a feel for the fundamental dosage problems that existed in reality. A range of my 
education colleagues who were link lecturers to adult, child and mental health clinical settings, 
introduced me to the senior nursing staff within these areas. This involved visits to six clinical areas 
(two child, adult and mental health settings respectively), in five hospitals across three counties. At 
this point of the research process the key emphasis was upon gathering examples of fundamental 
dosage calculation problems. I operationalised this definition as dosage problems that centred upon:
• Conversion of SI units of weight and volume.
• Orally administered medications within a tablet and capsule or liquid medicine vehicle.
• Medications administered via injection, involving SI units of weight or International Units.
• Intravenous infusion problems requiring the computation of ml/hour or drops/minute.
Given the fundamental nature of the assessment, exclusion criteria centred upon dosage problems 
involving:
• Calculation of drug weight/volume, per kilogram of body weight, per hour/24 hours.
• Calculation of medication dosage/fluid volume based upon body surface area.
• Electronic medication pump settings that required conversions between fluid volume (ml) and 
length (mm).
• Calculation of percentage strengths and dilutions.
1 explained to both the clinical staff and managers and the relevant link lecturers that absolute 
confidentiality would be maintained regarding all information provided. Moreover there would be 
no direct patient involvement in the research, and no patient, ward, hospital, Health Care Trust, 
clinical staff member or nursing student would be identified by name within the research.
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Subsequently having gained permission from all the relevant clinical managers and staff, typical 
fundamental dosage calculation problems experienced by these staff and contained within patient 
prescription charts were collected. All six clinical areas additionally agreed to me returning at a 
future point, to undertake an assessment of nursing students' performance during clinical based 
problem solving situations. The key detail of the six selected clinical areas and the clinical 
assessment will be discussed in Chapter 4. The collected examples together with previous problems 
incorporated into the current written assessment, were cross referenced and checked for accuracy 
both within the BNF and by the Senior Pharmacist who acted as advisor to the research.
The basic design of the assessment instruments is illustrated in Figure 47
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Figure 47
The basic design of the assessment instruments used during the college based written 
medication dosage calculation assessment
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b. How many drops per minute
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As illustrated in Figure 47a and 47b the assessment instrument question and answer sheets were 
designed to elicit both the final answer and the strategy used to solve the dosage problem. The 
rationale for this was to identify the presence of:
a) Conceptual problem solving errors
b) Arithmetical operation errors
c) Computation errors
As will be discussed in Section 2.6 the college based repeat measure experiment was divided into 
two stages. Each stage incorporated exposure to a 'practice assessment paper' followed by a 
structurally similar but content specific assessment paper. This required the design of four 
individual written assessment instruments involving 3 ten-point sections:
1. Conversion of SI Units of volume and weight
2. Calculation of oral medication and injection dosages
3. Calculation of intravenous infusion volume and drop rates
The general design of the instruments was piloted with ten students from a previous Diploma in 
Nursing intake, and ten lecturers based within the Common Foundation Programme, Child Branch, 
Adult Branch and Mental Health Branch at the study site. The students were provided with the 
assessment instructions listed on the first page of the assessment booklet, and examples of the three 
sections of the instrument. These students were requested to provide feedback on the clarity of the 
instructions and question design format of the three sections. They were not provided with the 
complete papers as this may have created a security problem. Feedback from students indicated that 
both the instructions and question design format were clear and unambiguous. Feedback from 
lecturers and the issue of assessment instrument validity and reliability will be addressed in Section
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2.6. However there were no problems of ambiguity identified within the piloting of the assessment 
instruments, and the complete content of the four assessments is illustrated in Appendix I.
This chapter now continues with a discussion of the instruments used to measure performance 
during the Cognitive Style in Mathematics assessment.
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Section 2.4 Instruments used to measure performance during the Cognitive
Style in Mathematics assessment. 
Section abstract:
,™™m™™^™.™,«^^
I The rationale for this section is to discuss the Test of Cognitive Style in Mathematics (TCSM)
| instrument used within the research project. The section centres upon a general description of the |
\ If
I TCSM, the rationale for adapting the instrument for use within the project, and the process of|
I i'* I I selecting and training a team of lecturers to administer the assessment. g
The TCSM was designed by Bath, Chinn and Knox (1986), for use with a wide range of individuals 
including college students and learning disabled students. As discussed in Section 1.9h, Bath, Chinn 
and Knox (1986) described a cognitive style in mathematics continuum. The extreme left side of the 
continuum represents individuals who display 'inchworm' strategies for solving mathematics 
problems. The right side of the continuum represents individuals who display 'grasshopper' 
strategies; and the middle of the continuum represents individuals who display an 'intermediate' 
style and the ability to integrate (synthesize) both inchworm and grasshopper strategies during 
mathematical problem solving. The TCSM was designed to assess these three styles and consists of 
twenty mathematics problems within four subtests: mental computation, arithmetic, geometry/visual 
and algebra. However if students possess poor algebra skills the authors state that this latter subtest 
can be omitted. The authors reported test-retest reliability coefficients of between .85 and .95 for 
the TCSM, during two studies involving 23 students from five schools in the USA and 24 students 
from four schools in the UK respectively.
Having familiarized myself with the TCSM and the examiner's manual, I piloted the test with ten 
students from a Diploma in Nursing intake at the study site. The test implementation procedure was 
relatively straightforward, but the scoring system was potentially open to interpretation. Therefore it
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was necessary to provide very clear written implementation and scoring instructions, plus a verbal 
explanation to the team of lecturers who were to perform the assessment. Secondly it became clear 
during the piloting phase that the majority of students exposed to the TCSM felt uncomfortable or 
anxious with the algebra subtest. This section involved a first order equation, a simultaneous 
equation word problem, a first order equation word problem (whole to part), a first order equation 
word problem (part to whole), and a consecutive numbers problem. Despite the fundamental nature 
of these algebra problems, the mere mention of the word 'algebra' produced student fear. Therefore 
as I wanted to keep student anxiety to a minimum 1 decided to exclude this section from the main 
study.
I approached ten lecturers within the college who I knew to be both familiar and comfortable with 
the use of mathematics. From the observations 1 had made during the piloting phase it was clear that 
many students felt anxious about the 'test'. Therefore for the purposes of obtaining an accurate 
assessment of participants' problem solving strategies, it was essential that lecturers administering 
the assessment were comfortable with their own mathematical ability, and able to 'put students at 
ease'. Moreover students' problem solving strategies commonly varied along a theme, and selected 
lecturers required a solid understanding of mathematics operations to make an informed judgement 
and interpretation of the strategy being demonstrated by the student. All ten lecturers agreed to 
participate in the assessment and received an assessment pack consisting of:
1. Written instructions for implementing the TCSM (see Appendix II)
2. A TCSM worksheet illustrating the problems to be solved in the three subtests (see Appendix ITI)
3. An adapted Observation Folder and Record Chart, which illustrated the typical computation or 
problem solving strategies employed by 'inchworms', 'intermediates' and 'grasshoppers' when 
solving the problems posed in the TCSM Worksheet (see Appendix IV).
4. An adapted version of a Profile Record for recording student scores (see Appendix V).
193
The lecturers were allocated four students each, and on completion of the assessments the 
assessment packs were returned to me for compilation of the results. This chapter now continues 
with the specification of the population, and the selection of the sample investigated during the 
research programme.
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Section 2.5 Specification of the population and selection of the sample
Section abstract:
The rationale for this section is to define the typical population of students undertaking the Diploma | 
in Nursing Studies programme at the study site, together with the study population and sample. The j 
section begins with a general description of the population of nursing student cohorts typically |
i-i 
ri
recruited to the Diploma in Nursing programme. This is followed by an analysis of the cohort which j
I
formed the study population, and the rationale for, and methods used to select a random sample and |
i | 
| to subsequently randomly assign the participants to two treatment groups (Groups X and Y). Finally |
a comparison is provided between the study population and the participants' randomly selected and j
| assigned to Group X and Y, in respect of: sex, age, mathematics grade achieved at GCSE, and mean ||
% it
j . 3 |score achieved on the numeracy test undertaken at selection. A detailed analysis of participant's!}
| individual performance on the numeracy test and associated statistical differences in mean group | 
scores, together with an analysis of participant's cognitive style in mathematics, will be provided in j
&
Chapter 3. Collection and comparison of this data was essential for the purposes of:
• Providing a sampling frame of the study population, such that other researchers in the field could j 
make an informed judgement of the representativeness of the population.
• Assessing the representativeness of the sample and particularly the equality of the two treatment I
I!
groups.
• Identifying the distribution of confounding variables between the two treatment groups.
I
The population
A population is the entire aggregation of cases that meet a designated set of criteria 
(Polit and Hungler 1995, p.292)
195
At the outset of this section it is important for me to make a distinction between the target and 
accessible populations. Polit and Hungler (1995) define the accessible population as the aggregate 
of cases that conform to a designated criteria and are accessible to the researcher, whilst the target 
population is the aggregate of cases about which the researcher would like to make generalizations. 
Subsequently given the problems previously identified within the Conceptual Phase of this thesis, I 
was particularly interested in focusing upon the students recruited to the Diploma in Nursing 
programme at the study site. However it was essential that I provided a detailed analysis of the 
population at the study site, such that researchers in the field could make comparisons with other 
national and international nursing programmes. Hence what follows is a general analysis of the 
typical student cohorts recruited to the Diploma in Nursing programme. This is followed by a 
sampling frame of the study population, which itself acts as a precursor to an analysis of the sample 
and sampling procedures employed.
Cohorts recruited to the Diploma in Nursing programme at the study site between 1992-1998
Since the inception of the Diploma in Nursing programme in 1992, the college had recruited two 
cohorts of students per year. This amounted to intakes of typically 110 to 120 students in October 
and April respectively. However in the early to mid 1990s cohort numbers had fallen to 
approximately 70, due to a perceived glut of nurses within the Health Service, and a reduced 
requirement to recruit and train registered nurses! As introduced in Section 1.6, the pre-registration 
cohorts consisted of students recruited from Wales, England, occasionally Scotland and keland, and 
less frequently mainland Europe and other continents. Approximately 88-92% of cohorts were 
female, with males typically accounting for 8-12% of intakes over a six year period. The typical age 
range of students varied between 18 and 48, and students with life and previous health and social 
care experience were encouraged to apply. The education backgrounds of students varied widely, 
with candidates offering no formal education qualifications to Ph.D. level degrees. Possession of 
GCSE grade 'C' or above in mathematics whilst cited as desirable, was not a prerequisite for entry
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to the programme, with typically 50-60% of candidates possessing this qualification or better. As 
discussed in Section 1.6, from 1994 onwards all students recruited to the Diploma Programme were 
exposed to a basic numeracy assessment at selection, and required a 24/40 (60%) achievement level 
for acceptance to the programme.
A sampling frame of the study population
It was my intention to identify a random sample of participants from a typical Diploma in Nursing 
Studies cohort at the study site. Polit and Hungler (1995) suggest that as a precursor to this it is 
important to define a sampling frame. The sampling frame acts as both a simple list of individuals 
within the population from which the sample will be chosen, and acts as a framework for defining 
the relevant characteristics of that population. For the purposes of brevity I will first discuss the 
rationale and methods used in selecting a random sample, and in randomly assigning participants to 
two treatment groups. This will then be followed by a comparison of the study population 
characteristics, with those of the two treatment groups.
Selecting a random sample from the population
A random sample is defined as
A sample of n items chosen by random sampling from a population where (a) every 
member of the population has the same chance of being included in the sample; and 
(b) the members of the sample are chosen independently of each other (Samuels 1991
p.74).
The cohort from which the sample was to be drawn consisted of 110 students. Given that this cohort 
was typical of that recruited to the Diploma programme (see later analysis), the only inclusion 
criteria was that participants should belong to the cohort acting as the study population, and that
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following random selection, the student voluntarily agreed to participate in the research. The cohort 
were provided with a full verbal and written explanation of the study (see Appendix VI). Given the 
anxiety regarding dosage calculations that had been previously demonstrated by students at the 
study site, 1 was pleasantly surprised that all students within the cohort requested to be considered 
for inclusion. However due to the fact that the computer laboratory at the study site could only 
accommodate 22 students, and given the strict controls required to maintain validity within the 
experimental design (see Section 2.6), the sample size was limited to 40% (n = 44). This 
represented a limitation of the study and will be formally discussed in Chapter 5. Subsequently the 
method described by Samuels (1991) was used for selecting a random sample from the population. 
That is:
1. The students of the study population were listed alphabetically and originally designated a three 
digit identification number, i.e., 001, 002, 003, .......110 (seepoint 2).
2. The table of random digits provided by Samuels (1991, p.555) was used, and a randomly 
selected 'start point' was identified to select the participants. Numbers not corresponding to a 
population number were rejected, repeated numbers were ignored, and the process continued 
until n (44) numbers had been acquired. However when using a table of random digits it is 
essential to ensure that all population numbers (in this case 001-110 inclusive) are available 
within the table; this check being necessary to ensure that every member of the population has 
the same chance of being included in the sample. Despite the Samuels (1991) table containing 
2500 five-number digits, 39 numbers between 001-110 were not included. Subsequently I used 
an adapted version of the randomization process described by Samuels. This involved 
substituting an unavailable population number with one that existed in the Table, e.g., 025 was 
substituted with 250 etc..
Figure 48 illustrates an example of the sampling procedure used to randomly select 44 participants 
from a study population of 110 students.
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Figure 48
































































Figure 48 illustrates how using the middle three digits in a five digit block facilitated the random 
selection of the sample. That is starting at 'Row 26', and reading down the central three digits of 
'Column 01', the following participants were randomly selected:
018, 027,074, 005,100,084, 025 (notesubstitution)................n
Subsequently following the random selection of all 44 participants the next stage in the 
randomization process was the random assignment of participants to the two treatment groups.
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Random assignment of participants to treatment groups
The random assignment of each participant to either of the two treatment groups was essential to 
guarantee that all confounding variables were uniformly and equally distributed across the groups 
(McLaughlin and Marascuilo 1990). The process of randomisation requires that each participant in 
the sample is assigned to a treatment group in a manner determined by chance alone (Polit and 
Hungler 1995). To facilitate this process the method described by Samuels (1991) was adapted, and 
implemented as follows:
1. The first randomly selected participant was assigned to Group X. With reference to Figure 48, 
this represented participant number 018.
2. The second randomly selected participant was assigned to Group Y. With reference to Figure 
48, this represented participant number 027.
3. Subsequently all randomly selected participants were alternately assigned until 22 participants 
had been assigned to Groups X and Y respectively.
This section now continues with an analysis and comparison of the study population and the 
participants assigned to Groups X and Y. In this respect Table 1 provides a comparison between the 
study population and treatment group participant's sex, age, mathematics grade achieved at GCSE, 
and mean score achieved on the numeracy test undertaken at selection.
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Table 1





































































An analysis of the data in Table 1 indicated that following the random selection and assignment of 
participants to Groups X and Y that:
1. The sex of participants assigned to Groups X and Y was representative of the study population.
2. The mean age of participants in Group X and Y was comparable. However the mean age of 
students participating in the study exceeded that of the study population by approximately 10.8 
months.
3. The number of students in Group X possessing GCSE mathematics grade 'A' to 'C' was 
representative of the study population (54.5%). However there was a slight under representation
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of this characteristic for Group Y (50%); whilst conversely there was an over representation of 
participants who achieved a GCSE Grade 'B' in Group Y (13.6%).
4. The mean numeracy test scores for Group X participants exceeded the study population mean 
score by 0.59 points, and the Group Y participants mean score by 1.18 points.
In essence this analysis suggested that despite the process of random selection and assignment, that 
the start point arithmetical ability of participants assigned to Group X was slightly greater than those 
assigned to Group Y. Hence given my intention to explore the relationship between exposure to 
traditional didactic teaching methods, an 'Authentic World' learning environment, and participants 
subsequent computation and problem solving performance, it was essential to perform a statistical 
analysis of the numeracy test data. That is:
a) On the basis of the numeracy test (which incorporated those computation skills that were critical 
to the solving of dosage calculation problems), it was essential to identify whether there was a 
statistically significant difference in the start point arithmetical ability of the two groups. This 
required a t-test analysis.
b) The identified mean difference of 1.18 points meant that when calculated as a percentage, this 
amounted to a 2.95% mean difference between the two groups' start point arithmetical ability. 
Ultimately given that this could influence the error variance when comparing differences in 
group performance, it was essential to perform an Analysis of Covariance (ANCOVA) to adjust 
for this.
The results of these key statistical analyses will be fully discussed in the appropriate sections of 
Chapter 3. This chapter now continues with a discussion of, and rationale for the cross over/repeat 
measure experimental design utilised in the college based phase of the research.
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Section 2.6 Description and rationale of the cross-over/repeat 
measure experimental design
Section abstract:
lis section provides the rationale for selecting a cross over/repeat measure experimental design. j
|Following a discussion of the cross over experimental design, this section provides a detailed]
I
I account of how validity and reliability factors were addressed during this college based phase of the
\ research.
The cross over/repeat measure experimental design
The rationale for selecting an experimental design was based on the fact that despite the range of 
observations I had made at the study site, these had occurred among students who had been exposed 
to a range of experiences that acted as potentially confounding or extraneous variables. Hence it was 
necessary to undertake a far more rigorous investigation, where validity and reliability issues could 
be more appropriately addressed, and where the influence of potentially extraneous variables could 
be minimised. The experimental design was based upon an adapted cross-over (repeated measure) 
design. Classic cross over designs, are used particularly in pharmacological experiments aimed at 
identifying and comparing the relationship between the effects of 'drug A' and 'drug B', upon 
individual patients arterial blood pressure etc.. Typically following baseline assessment of all 
participating subjects' blood pressure, during Phase 1 of the study, 50% of subjects would be 
administered 'drug A' and 50% administered 'drug B'. Subsequently following a period of 
monitoring and assessing the subjects' responses to the two drugs, an analysis of the results is 
performed. During Phase 2 of the study the treatments are crossed over, and a second period of 
monitoring, assessment and analysis of results is performed. This design is an especially powerful 
method of ensuring equivalence between the groups being compared, i.e., of controlling all 
extraneous subject characteristics, as each subject effectively acts as his/her own control. One of the 
factors tending to complicate the analysis and interpretation of the results of cross over studies such
203
as this, is the possibility that the effect of the treatment given first, will carry over into the next 
period and influence or obscure the effect of the first treatment (Fleiss 1986). To overcome this 
problem the design typically incorporates a wash out period, to physiologically eliminate or erase 
the effects of 'drug A' prior to administering 'drug B' and vice-versa.
Much of the published work centering upon cross-over designs and the statistical analysis of data 
generated within such studies, highlights the issue of carry-over effects. That is subjects exposed to 
two consecutive treatments, may be influenced in the second condition by their experience in the 
first condition (Fleiss 1986, Polit & Hungler 1995). This manifests itself particularly where the key 
research interest lies throughout the entire experiment in the hypothesis of equal direct effects of 
both treatments, i.e., under the assumption of - no differential carry-over effects (Fleiss 1986). 
Where such an assumption can be made, e.g., through the application of a washout period to 
remove the traces of the first treatment, a variety of statistical analyses to test the hypothesis are 
available (Fleiss 1986). Should such an assumption not be credible, Fleiss (1986) claimed that:
» The statistical analyses cited are no longer an unbiased estimator of equal direct effects of both 
treatments; and the cross-over design is the wrong one to use.
However as discussed previously I was interested in both:
* The relationship between single exposure to the two individual treatments, i.e., the computer 
based 'Authentic World' learning environment; and the didactic teacher led lesson and tutorial 
incorporating word problems, and the participants subsequent performance on a written dosage 
calculation assessment. The rationale for this was to inform education practice regarding the 
relative effectiveness of each individual teaching/learning strategy.
* The relationship between the cumulative effects and variable sequencing of both treatments and 
the participants subsequent performance on a written dosage calculation assessment. The
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rationale for this was to inform education practice regarding the relative effectiveness of 
sequencing individual teaching/learning strategies.
Hence in respect of this second aim and the general principles of action research, I neither could, 
nor wanted to erase the influence of the first treatment. Hence 1 defend the use of the adapted cross 
over design as I specifically wanted to identify if there was a sequencing effect of treatments 
(especially in a positive direction). If this were the case then it was my contention that this would be 
advantageous in informing education practice regarding the utilisation of that sequence of 
treatments (teaching strategies). The statistical analyses of data generated within the two phases was 
based upon both: between group differences (t test: independent samples), and within group 
differences (t test: paired samples). However these relatively simple statistical analyses differed 
from the rather mathematically elegant analyses described by Fleiss (1986), where the assumption 
of no differential carry-over effects could be made. Figure 49 illustrates the key features of the cross 
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The research design was further informed by and based upon the classic experimental design 
described by Campbell and Stanley (1963), cited in McLaughlin and Marascuilo (1990, p.60). The 
classic experiment has three components:
1. The random assignment of subjects to experimental conditions.
2. At least one control group established in the study.
3. Clear and unambiguous specifications of the manipulation of an independent variable.
In respect of these three criterion:
• The random assignment of participants to experimental conditions has been discussed in Section 
2.5.
• The use of a cross over experimental design ensured that effectively each participant acted as 
their own control.
• This section continues with reliability and validity considerations within the experiment, and 
subsequently Section 2.7 specifies the research questions, hypotheses, operational definitions 
and manipulation of independent variables.
External Validity of the Experiment
External validity is defined in respect of whether the findings found in the sample can be extended 
to the population of interest (McLaughlin and Marascuilo, 1990). Four threats to external validity 
have been described by Campbell and Stanley (1963).
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• Interaction effects of selection bias and treatment
This is said to exist when the sample of participants responds as a group more favourably or less 
favourably to a treatment. This potentially could have manifested itself during the project if nursing 
students allocated to one or both treatment groups lacked motivation to apply themselves and 
acquire relevant calculation skills. However given the:
a) Random assignment of students to two treatment groups
b) Cross-over design between the two groups at the 4 week point
c) Inherent requirement for all students to achieve a 100% score
I argued that the design should limit the interaction effects of selection bias and treatment.
• Reactive or interaction effect of pretesting
The pretesting of students may limit the generalizability of the experimental findings. That is a 
pretest may increase or decrease the sensitivity of participants to the treatment conditions, so that 
they are no longer like the individuals to which a generalization is to be made. As described 
previously the participants at the study site had been exposed to the numeracy assessment at 
selection. In comparison a study of admission policies among 32 Schools of Nursing in England, 
reported that only 5 (15.6%) tested mathematical ability at interview (Hilton 1999). Subsequently 
on evaluating the generalizability of the findings to the 'target' national and international nursing 
student population, the potential influence of this assessment in excluding students with less than 
minimal computational ability must be considered.
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• Reactive effects of experimental procedures
This is said to occur when the experimental procedure affects participants in such a way as to 
stimulate them to participate with extra vigour in the programme. Such an effect is a particular 
problem in experimental designs, and may manifest itself in terms of the Hawthorne effect. 
Ultimately whilst there was the potential for such a phenomenon manifesting itself during the 
experiment, it is argued that given the college policy requiring a 100% achievement score, that all 
students should have been motivated to achieve this score as soon as possible, irrespective of 
whether they participated in the research, or which treatment group they were assigned to.
» Multiple-Treatment interference
This is said to occur when the same participants are used repeatedly for two or more treatments and 
when the effects of the previous treatments are not erasable. This threat to external validity has been 
previously addressed. However in addition to the previous arguments, I was acutely aware of my 
ethical responsibilities to the participants in the research. Ultimately following the college based 
experiment I intended to follow a sub- sample of participants into clinical practice; and given the 
observations I had previously made at the study site I was not prepared to prejudice students' 
development by undertaking a clinical assessment which humiliated the student. That is provision of 
single exposure to a treatment for some participants and dual exposure for others may have 
accentuated or inhibited progress in this key skill - and this was not a price 1 was prepared to pay in 
the name of research.
Internal validity of the experiment
The internal validity of a study has been defined in terms of whether the results can be attributed to 
the independent variables in the study, and not some other extraneous or confounding variables 
(McLaughJin and Marascuilo, 1990). A number of key conditions that must be satisfied before
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internal validity can be assumed have been identified by Campbell and Stanley (1963) and Cook 
and Campbell (1979).
» History
History effects refer to events occurring during the course of the study, which may influence the 
final outcome of the research. The experiment was designed to delimit the potential effects of 
historical events. That is it was undertaken over the eight week period between February and March 
99 inclusive. This period occurred during the 5th-6th month of the initial 6 month component of 
college based theory instruction. The basis of this component of the design was:
a) This was the optimal time to implement the experiment, as the first academic piece of work was 
prepared and submitted by students during the initial four months of the programme, i.e., 
between October 98 and January 99 inclusive. Ethically and practically it would have been 
inappropriate to undertake the experiment prior to this latter date. Moreover during the October 
98-January 99 period students undertook Information Technology (IT) skills instruction. Thus 
students who did not posses IT skills at the commencement of the programme would have been 
disadvantaged should the experiment have been undertaken earlier.
b) Traditionally dosage-calculation problem solving skills had been taught and assessed during the 
theory to practice units [TPUs] commencing in April and extending over a sixteen week period 
(that is four TPUs of 4 weeks duration each). As described in Section 1.6 and Appendix I, 
students rotated through the 4 TPUs, and thus 25% of the cohort had traditionally been exposed 
to teaching and assessment of dosage-calculation problem solving skills in weeks 1-4, 5-8, 9-12, 
and 13-16 respectively. Subsequently variations in the sequencing of clinical exposure between 
the groups (i.e. occurring pre- or post-dosage calculation assessment) acted as an historical event 
which potentially influenced assessment results. Moreover students undertook one college-based 
study day and four clinical-based days per week during the TPUs. This for many students would
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have limited the availability of computer use to their study days, which traditionally include very 
crammed timetables.
• Attrition
A differential loss of participants would have posed a serious threat to the internal validity of the 
study, as it could have confounded the results and made the comparisons between groups less 
meaningful. As described in Section 2.5 the experiment was designed such that all participants were 
volunteers. Thus given the college policy that a 100% achievement score was required in the written 
dosage calculation assessment, it was unlikely that a significant proportion of participants would 
leave the programme. In fact all 44 students completed all aspects of the eight week study.
Selection
Selection bias occurs when certain types of individuals are collectively assigned to one group in a 
study, or when treatments are assigned to pre-existing groups that may differ. This was generally 
precluded through the random selection and assignment of students to the two treatment groups. 
Nevertheless as discussed in Section 2.5 such a process cannot guarantee that the characteristics of 
randomly selected and assigned participants will be identical within both groups. Ultimately to 
control for the small variation in identified start point arithmetical ability differences between the 
two groups an ANCOVA was performed.
• Maturation
Maturation is a serious threat to internal validity if the effects of variables such as age or 
developmental state influence the dependent variable. The design of the experiment delimited this 
effect by being undertaken over a maximum eight week period, and prior to exposure of students to 
clinical practice. Both of which could potentially influence students development of dosage- 
calculation problem solving skills.
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• Instrumentation
It is essential to select and or develop an appropriate instrument to assess the impact upon the 
dependent variables. In this respect it essential to evaluate the reliability and validity of the 
instrument.
1) Reliability
Reliability refers to the degree of precision with which the constructed instrument generates 
reproducible data. As discussed in Section 2.3 and illustrated in Appendix I, two test and two 
practice question assessment instruments were devised. It had been intended to evaluate the test- 
retest reliability of the instruments using the Pearson product moment correlation coefficient. Thus 
10 nurse lecturers were tested with the instruments on two subsequent occasions. Subsequently both 
sets of scores should be correlated, and a test-retest reliability coefficient of + 0.70 necessitated to 
demonstrate reliability (McLaughlin and Marascuilo 1990). However as the test scores indicated an 
achievement score of 100% on both occasions, the Pearson correlation was not measured! As 
discussed in Section 2.3 nursing students from a previous Diploma intake who viewed a sample of 
the questions for the purpose of checking for question clarity, were not formally tested on the 
assessments. This was for purposes of ensuring that content of the test papers was not leaked to the 
participants. However as previously discussed there were no adverse comments regarding 
understanding of the assessment format or content reported by these students.
2) Validity
In general validity of an assessment instrument refers to the extent to which the number data 
obtained reflects true differences among the participants, rather than constant or random error 
among the participants (McLaughlin and Marascuilo 1990). Subsequently for an assessment 
instrument to demonstrate validity, it must by definition assess the phenomenon being studied. The 
key research question in this study centred upon whether active involvement in knowledge 
construction and exposure to relevant iconic features, assists nursing students to develop medication
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dosage-calculation problem solving skills. Of particular importance in this respect is content-related 
validity.
Content-related validity centres upon whether the items contained in both the education 
programme and the instrument represent the domain under study. The content of the education 
programme and the instruments utilised in the study consisted of typical examples of key 
fundamental medication dosage calculation problems currently manifested in clinical practice. This 
centred upon child, adult and mental health care settings. Subsequently as discussed in Section 2.3 
advice was sought from clinical colleagues, the Pharmacy Dept, nurse lecturer colleagues from the 
Child, Adult and Mental Health Branches, and the British National Formulary (September 1998) 
regarding the legitimacy of medication problems proposed for inclusion in the research study.
4 Testing
Testing can be a threat to internal validity in that the process of measuring may sensitize some 
participants to the hypotheses tested by a study, and may heighten the possibility of responding 
negatively or favourably to the treatment. However given the college policy that a 100% 
achievement score was required, whilst there were no guarantees, it was unlikely that a significant 
proportion of participants would purposefully respond negatively when exposed to the two 
treatments, or during the two assessment phases.
• Interaction with the Selection
This manifests a threat to internal validity when selection factors interact with historical events, 
maturation of the participant or instrumentation. Selection-history interaction can occur where 
students are exposed to variations in historical events during the study period. This interaction was 
precluded by ensuring that the study was performed during a period when students were exposed to 
common experiences, and prior to clinical exposure. Selection-maturation interaction occurs when 
different groups are maturing at different rates. This interaction was precluded as all students were
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at the same stage of the education process, and all had been exposed to identical experiences. 
Selection-instrumentation interaction occurs when an instrument influences the performance of 
groups differently. McLaughlin and Marascuilo (1990) describe the potential effects of this form of 
interaction when pre- and post-tests are utilised. They provide the examples of students scoring high 
on pre-tests, only making small gains on the post-test; and students scoring low on pre-tests 
showing dramatic increases on the post-test. This being manifested by the post-test possessing a 
ceiling. Other than the numeracy assessment previously undertaken, no other pre-test had been 
employed, as students had received no meaningful tuition on dosage-calculation problem solving at 
this point. However the point of a second test possessing a ceiling will be returned to during the 
analysis of data generated during Phase 2 of the college based experiment.
• Diffusion or imitation of treatments
This occurs when a treatment applied to one group becomes applied to a different group. This was a 
very real potential problem within the study, as students within the first group allocated the 
computer based 'Authentic World' program may have been tempted or even coerced by students 
within the second treatment group to allow them access to the computer program/screen shots, 
during the initial 4 week period of the experiment. Safety factors built into the design to delimit this 
potential effect were:
a) The experimental research design of the study was fully explained to the cohort. Additionally the 
cohort had completed the initial research unit within the CFP and the implications of diffusion of 
treatments had been explained to the students.
b) The treatment groups were fully informed of the cross-over design of the project. This clearly 
highlighted how the second treatment group would be given free access to the computer based 
'Authentic World' program in the second four week period.
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c) The cohort had been fully informed of the ethical responsibilities of both myself and the college, 
to provide them with a level of education that was consistent with protection of the public. That 
is no student would be disadvantaged by allocation to either of the treatment groups.
d) The design of the study was based upon undertaking the research during the 5th and 6th month 
of the CFP. Thus in the event of the research programme being unsuccessful in facilitating the 
development of dosage-calculation skills, the traditional education programme in the TPUs 
would be instituted as normal. Nevertheless given that the majority of students had 
accommodation in the halls of residence - unfortunately some diffusion of treatments could 
have occurred.
• Compensatory equalization of treatments
This potentially occurs where education staff identify that the education programme delivered to 
either of the groups is manifestly less effective than the other. Subsequently they may make a 
conscious effort to compensate for this by assisting those students exposed to the less effective 
programme. This was precluded by a full explanation of the cross-over design to all education staff 
and individual course teachers to the students involved.
* Compensatory rivalry by respondents receiving less desirable treatments
This occurs when members of one treatment group realise that they represent the underdog and are 
not expected to be the most successful group. Subsequently compensatory rivalry may occur, such 
that the participants decide to turn the tables on the researcher and work harder to be more 
successful. However on the basis of the results the college had observed to date, it was reasonable to 
suspect that all students would make a generally concerted effort to pass the assessment (as they 
required 100% to achieve their competencies). However the previous results based upon sole 
exposure of students to the lesson/tutorial teaching strategy had been generally poor. Therefore
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there was no reason to suspect that these students would perform any better than previous groups - 
however hard they tried!
4 Resentful demoralisation of respondents receiving less desirable treatments
This occurs in the classic control-experimental group study, where participants in the control group 
are not told that they are expected to do poorly. Subsequently they become demotivated and do not 
put in any effort to succeed or improve. This had been precluded by informing all participants that 
they were required to achieve a 100% score, and that this would satisfy their competency 
requirements wherever it was achieved in the programme. This important latter point will be 
returned to in Chapter 3, as I believe it has important implications for the self motivation claims 
commonly suggested as integral to androgogical (adult based) learning approaches.
This chapter now continues with a statement of the key research questions and hypotheses, and a 
definition of the variables examined within the research programme.
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Section 2.7 Statement of research questions and hypotheses & definition of 
variables
Section abstract:
rationale for this section is to express formally the research questions and hypotheses to be |
1=
tested during the college based phase of the research. These research questions and hypotheses | 
centred upon: |
a) The efficacy of the numeracy assessment undertaken on selection day, in identifying prospective | 
students' ability to perform arithmetical operations and computations that are critical to the j 
solving of fundamental medication dosage calculations. |
|b) The relationship between exposure to the computer based 'Authentic World' learning | 
environment and traditional didactic teaching methods, and students' performance on af 
fundamental written medication dosage calculation assessment. |
Methods of expressing the research problem
Researchers may formally express research problem(s) in two main forms, that is as a statement of 
purpose, or as a research question. The former is declarative and the latter interrogative. The 
interrogative form of research questions has the advantage of simplicity and directness. Moreover 
questions invite an answer and help psychologically to focus the researcher's attention on the kinds 
of data that need to be collected to provide that answer (Polit and Hungler 1995, p.50). During the 
college based phase of the research I intended to explore two key problems, and stated this 
exploration in the form of two research questions, a series of hypotheses and the operational 
definitions associated with each.
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Definition of an hypothesis
A series of formally stated hypotheses were derived from the research questions.
A hypothesis is a tentative prediction or explanation of the relationship between two or 
more variables. Hypotheses translate problem statements into predictions of expected 
outcomes (Polit and Hungler 1995, p.51).
Operational definitions
Having stated the research questions and where applicable the associated hypotheses, a range of 
operational definitions were stated to facilitate the measurement of the variable being considered.
An operational definition is a definition of a concept or variable in terms of the 
operations or procedures by which it is to be measured (Polit and Hungler 1995, 
p.648).
The organisation of this section now continues as a series of discrete statements of each:
• Research question
• Relevant hypothesis (where appropriate)
• Associated operational definition(s)
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Research Question la
Is a quantitatively scored, written numeracy assessment (requiring a 24/40; 60% pass score), 
administered at the selection point of a pre-registration diploma of nursing programme; diagnostic 
of:
• ability to perform arithmetical operations
•• ability to perform computations
• that are critical to the solving of fundamental medication dosage calculation problem's. 
Operational definitions:
• Written numeracy assessment: The assessment of fundamental numerical ability undertaken on
«
selection day and described and illustrated in detail in Section 1.6 and Figure 3.
• Performance of arithmetical operations: A demonstrated ability to understand the rules of 
arithmetic.
• Performance of computations: A demonstrated ability to accurately add, subtract, multiply and 
divide, whole numbers, fractions and decimals.
• Operations and computations critical to the solving of medication dosage calculations, that were 
tested in the numeracy assessment: Division of whole numbers, multiplication of whole 
numbers, conversion of fractions to decimal equivalents, multiple computations of (A x B) / C, 
conversion of SI units of weight and volume requiring multiplication and division in a 
magnitude of 1000.
Research Question 1 b
Following random assignment of participants to Groups X and Y is there a significant difference in 
the start point arithmetical ability of the two groups, as measured by the mean group scores
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achieved on the full numeracy assessment (maximum achievable score: 40 points), and those 
elements of the numeracy assessment that were critical to the solving of fundamental medication 
dosage calculations (maximum achievable score. 24 points).
(Null and Alternative) hypotheses:
HO: There is no significant difference in the mean group scores achieved by nursing 
students randomly assigned to Group X & Y on: The full (40 point) written 
numeracy assessment undertaken at selection.
H i: There is a significant difference in the mean group scores achieved by nursing 
students randomly assigned to Group X & Y on: The full (40 point) written 
numeracy assessment undertaken at selection.
H0 : There is no significant difference in the mean group scores achieved by nursing 
students randomly assigned to Group X & Y on: The critical elements of the 
written numeracy assessment undertaken at selection (24 points).
H]: There is a significant difference in the mean group scores achieved by nursing 
students randomly assigned to Group X & Y on: The critical elements of the 
written numeracy assessment undertaken at selection (24 points).
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Question 2
Does visualisation of relevant iconic features & mathematical formulae and equations assist novice 
nursing students manifesting a range of CSMs; to construct key mathematical concepts necessary 
for solving fundamental medication dosage calculation problems? Specifically, is there a 
relationship between the total number of:
* conceptual problem-solving errors 
and
* computation errors (arithmetical operation errors and computation errors)
- committed by novice nursing students on a written fundamental medication dosage calculation 
assessment following exposure to:
a) A sole teacher led didactic lesson & tutorial incorporating contextualised -word problems and 
abstract mathematical symbols/formulae.
b) A sole computer based 'Authentic World' learning environment illustrating digital 
photographs of relevant iconic features observed in clinical practice, mapped onto the 
abstract mathematical formulae and equations which represent them in medication dosage 
calculation problems.
c) Sequencing of a teacher led lesson and tutorial followed by a computer based 
'Authentic World' learning environment, and vice-versa.
Operational definitions
• CSM: Cognitive Style in Mathematics, as measured via the Test of Cognitive Style in 
Mathematics, and described and illustrated in Section 2.4.
• Conceptual problem solving error: An error manifested via failing to understand the logic of the 
problem to be solved, and/or setting a problem or equation up incorrectly.
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Arithmetical operation error: An error manifested by incorrectly applying the rules of arithmetic 
(e.g., following the correct setting-up of a fraction, dividing a fraction denominator by its 
numerator).
Computation error: An error manifested by incorrect addition, subtraction, multiplication or 
division, of a correctly set up problem.
Fundamental medication dosage calculation assessment: Two 30 point written fundamental 
assessments of medication dosage calculation ability, illustrated in Appendix I.
Didactic teacher led lesson and tutorial: A one hour thirty minute each, formal lesson and tutorial 
as described in detail in Section 1.7.
Computer based 'Authentic World' learning environment: A CD-ROM based program as 
described and illustrated in Section 2.2.
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(Null and Alternative) hypotheses: Between group analysis 
(Phase 1):
H,: There is no significant difference in the mean group scores achieved by participants
on a 30 point written fundamental medication dosage calculation assessment, following 
exposure to:
a) Sole tuition via a computer based 'Authentic World' learning environment
(Group X).
b) Sole exposure to a traditional teacher led lesson and group tutorial incorporating use of 
contextualised medication dosage calculation word problems and 
abstract mathematical symbols/formulae
(Group Y).
Hj: There is a significant difference in the mean group scores achieved by participants
on a 30 point written fundamental medication dosage calculation assessment, following 
exposure to:
a) Sole tuition via a computer based 'Authentic World' learning environment
(Group X).
b) Sole exposure to a traditional teacher led lesson and group tutorial incorporating use of 




(Null and Alternative) hypotheses: Between group analysis 
(Phase 2):
H0 : There is no significant difference in the mean group scores achieved by nursing
students on a written medication dosage calculation assessment following exposure 
to:
a) Tuition via a computer based 'Authentic World' learning environment followed 
by exposure to a teacher led lesson & group tutorial
(Group X).
b) Tuition via a teacher led lesson and group tutorial followed by exposure 
to a computer based 'Authentic World' learning environment.
(Group Y).
HI : There is a significant difference in the mean group scores achieved by nursing
students on a written medication dosage calculation assessment following exposure 
to:
a) Tuition via a computer based 'Authentic World' learning environment followed 
by exposure to a teacher led lesson & group tutorial
(Group X).
b) Tuition via a teacher led lesson and group tutorial followed by exposure 
to a computer based 'Authentic World' learning environment.
(Group Y).
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(Null and Alternative) hypotheses: Within group analyses - Stage \ and 2 
Group X:
HO. There is no mean difference between the total scores achieved by Group X
participants on the written medication dosage calculation assessment following:
a) sole exposure to a computer based 'Authentic World' learning 
environment (Stage 1)
b) exposure to computer based 'Authentic World' learning environment followed 
by exposure to a teacher led lesson & group tutorial (Stage 2)
HI: There is a mean difference between the total scores achieved by Group X
participants on the written medication dosage calculation assessment following:
a) sole exposure to a computer based 'Authentic World' learning 
environment (Stage 1)
b) exposure to computer based 'Authentic World' learning environment followed 
by exposure to a teacher led lesson & group tutorial (Stage 2)
Group Y:
H0: There is no mean difference between the total scores achieved by Group Y
participants on the written medication dosage calculation assessment following:
a) sole exposure to a teacher led lesson & group tutorial (Stage 1)
b) exposure to a teacher led lesson & group tutorial followed by exposure to a 
computer based 'Authentic World' learning environment (Stage 2)
H]: There is a mean difference between the total scores achieved by Group Y
participants on the written medication dosage calculation assessment following:
a) sole exposure to a teacher led lesson & group tutorial (Stage 1)
b) exposure to a teacher led lesson & group tutorial followed by exposure to a 
computer based 'Authentic World' learning environment (Stage 2)
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Having set out the research questions, hypotheses and associated operational definitions relevant to 
the college based component of the research, this section now concludes with a synopsis of the 
ethical considerations and final preparations undertaken prior to commencing the data collection.
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Section 2.8 Ethical approval and finalising the research plan
Section abstract:
I The rationale for this final section is to provide a brief synopsis of the ethical considerations and| 
! § 
1 final preparations undertaken prior to commencing the data collection. This process took the form j
| of providing a detailed written and verbal description of the proposed research to the Dean of ij 
I Nursing Studies at the study site. Subsequently following gaining written approval to undertake the | 
\ research, the process involved meeting with and discussing key details of the research with the |
I
| nursing students selected for participation.
Prior to commencing the research a written summary of the literature search and the key details of 
the proposed research were provided to, and discussed with the Dean of Nursing Studies at the 
study site. The ethical considerations pertinent to the research were discussed and centred upon:
a) The psychological integrity of participants was viewed as of utmost importance. All participating 
students would be volunteers, would be provided with a full written and verbal description of the 
research, and whilst being encouraged to complete the research programme in its entirety, would 
be permitted to leave the programme at any point.
b) No participating student would be disadvantaged by taking part in the programme, and in fact by 
participating in the research each student would have the opportunity to undergo five attempts at 
the written medication dosage calculation assessment if necessary (two during the research 
programme, plus the three attempts planned for the remaining members of the cohort).
c) Participation within the research study would not interfere with any participants studies or 
assessment schedule, and all students who successfully completed the written medication dosage 
calculation assessment would be awarded private study when the remainder of the cohort were 
following the dosage calculation programme.
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d) Beyond the use of preexisting computer laboratory equipment, the use of photocopying facilities 
to produce the adapted CSM and written assessment sheets etc., and approximately two hours of 
ten lecturer's time to undertake the CSM assessment, the study would involve no financial 
outlay.
e) The research would not involve patient contact in any form. It was planned to observe and assess 
a sub-sample of nine participants during medication dosage calculation problem solving 
situations in clinical practice. However this would be with the permission of the relevant clinical 
managers and would not involve administration or wastage of any medication.
f) Full confidentiality and anonymity would be assured. Neither the college and the participants, or 
any associated Health Care Trusts would be cited by name or location in the thesis or any 
publication/conference paper derived from it.
g) Given the previous observations noted at the study site, the proposed research would provide 
valuable data and information which would inform future education practice and potentially aid 
clinical effectiveness.
Following consideration of the proposal, the Dean of Nursing Studies at the study site supported the 
research and provided written permission to undertake the project (see Appendix Vll). This chapter 
now concludes with a summary of the key elements of the planning phase of the research.
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2.9 Summary of the Design and Planning Phase
In conclusion this chapter has examined the design and planning phase of the research process 
underpinning this thesis. There were two aims to this chapter, and I will now briefly summarise the 
major points that were developed.
Aim I
To discuss and illustrate how a generally constructivist approach was operationalised to underpin 
the design and development of a computer-based 'Authentic World' learning environment. 
This chapter described and illustrated how key features of the theory proposed in Chapter 1 were 
used to inform the design of a computer-based 'Authentic World' learning environment. The 
program design in addition to supporting general constructivist principles, was specifically based on 
the education principles described by Bruner (1975) and operationalised via the process of cognitive 
apprenticeship (Collins et al 1989). To facilitate replication of the design process I have provided 
key details of how the Canon Powershot 600 Digital Camera and Microsoft Image Composer were 
used to photograph and adapt 'real life' concrete features situated in clinical practice; and 
subsequently how the Illuminatus Multimedia Producer and Microsoft Visual Basic were used as 
the technical authoring systems used for constructing the program.
Aim 2
To discuss the rationale and components of a repeat measure experiment and clinical 
investigation, designed to explore the relationship between exposure to didactic and contextualised 
teaching methods, and the subsequent understanding and learning of dosage calculation skills. 
This chapter has described and illustrated the rationale for constructing and adapting the instruments 
used to measure performance during the written medication dosage calculation assessment, and the 
Cognitive Style in Mathematics assessment. This was followed by a specification of the Diploma in 
Nursing Studies student population at the study site, and the process used to randomly select and 
assign a 40% sample to two treatment groups. This involved an analysis of the characteristics of the
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two groups, and a recognition that despite the randomization process that it appeared that Group X 
participants had an approximately 3% greater start point arithmetical ability than Group Y. 
Subsequently it was recognised that it was necessary to perform an ANCOVA to adjust for this.
The chapter continued with a description of the cross over experimental design and the rationale for 
adapting this design for use within the project. Finally the chapter concluded with a statement of the 
research questions and hypotheses, a statement of relevant operational definitions, and a synopsis of 
the ethical considerations addressed prior to commencement of the data collection process.
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CHAPTER 3 
THE COLLEGE-BASED EMPIRICAL AND ANALYTIC PHASE
i Advanced organiser:
I .
i This chapter provides:
\
\ A statement of the results, statistical analysis of the data and interpretation of
13.1 Participants' performance on the numeracy assessment undertaken at selection
j 3.2 Participants' cognitive style in mathematics; illustrating exemplars of inchworm,! 
intermediate and grasshopper cognitive styles in mathematics (CSMs)
I13.3 A review of methods used for collection of the college-based written medication
dosage calculation data
i13.4 A description of how the written medication dosage calculation assessments were
conducted during Stages 1 & 2 of the college-based experiment
j 3.5 Development of a diagnostic framework
!j 3.6 Participants performance during Stage 1 of the college-based experiment 
13.7 Participants performance during Stage 2 of the college-based experiment
Section 3.0 Introduction to the results section
Each sub-section of this chapter consists of a brief review of the relevance of the results under
consideration; a tabular or frequency distribution summary of the data; where applicable a statistical 
analysis of reported data; and a discussion of the results. Statistical analysis was performed using a 
hand held calculator (relevant computations are located within the appendices); in addition the 
analyses were checked for accuracy via the SPSS statistical package. Appendix XI illustrates a 
synopsis of all statistical analyses undertaken during the college-based phase of the investigation. 
This is reproduced in Figure 50a, to provide an initial overview of the gross results observed during 
the college-based phase of the investigation. In addition each sub-section contains a detailed
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statistical analysis of the data under discussion. Subsequently in the final analysis a series of 
conclusions are drawn from an interpretation of the presented data and discussions.
Figure 50a
A summary of the statistical analyses performed during the 
college-based phase of the investigation
Computation ability 
differences at start of 
programme - not significant 





Group X Group Y
Numeracy assessment at selection
t-test for independent sample 
mean = 32.22/40 mean = 3 1 .04/40 
S.D. =4.9080 S.D. =4.2591 
test t-value = 0.8530 
critical t-value: 5% t 42,0.025 = 2.021 
no sig. diff. between mean group scores





mean = 29.69/30 




t-test: paired sample 
t = -2.2431 
critical t-value = 
5% (2.080) 
significant 
difference (p < 0.05)
mean = 26.27/30 
S.D. = 2.7287 
Lesson & Tutorial 
with word problems 
only
mean = 28.86/30 
S.D. = 1.7264 
Lesson & Tutorial 
& 'Authentic World' 
learning environment
t-test: paired sample 
t = -4.2797 
critical t-value = 
0.1% (3.819) 
highly significant 
diff. (p < 0.001)
t-test independent sample 
test t-value =3. 030 
critical t-value = 1 % 1 42,.0o5 =2.704 
sig diff (p < 0.014 post ANCOVA)
test t-value = 2.0533 
crit t-value = 5% 1 42, 0.025 = 2.021 
no sig diff (post ANCOVA)
Given that there were 2X2 tests of hypotheses undertaken on the data from the same groups, then 
theoretically there was an overall 2 x twofold risk of committing a Type I error. If corrected for via 
a Bonferroni adjustment, i.e., 0.05/2 = 0.025: ensuring that the overall risk of a Type I error does 
not exceed 0.05, then only P-values of < 0.025 are significant.
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Section 3.1 Participants performance on the numeracy assessment undertaken at 
selection
A review of the relevance of the results:
Given that the numeracy assessment undertaken at selection was designed to identify prospective 
students who possessed fundamental computation skills, as discussed in Section 2.7 it was essential 
to identify: Is a quantitatively scored, written numeracy assessment (requiring a 24/40; 60% pass 
score), administered at the selection point of the pre-registration diploma of nursing programme; 
diagnostic of:
* Ability to perform arithmetical operations
* Ability to perform computations
* that are critical to the solving of fundamental medication dosage calculation problems.
Tabulation of Results:
Following data collection from relevant records, tabulation of the data was performed for Groups X 
and Y (see Appendices DC and X respectively). However as the numeracy assessment did not 
require the candidate to demonstrate their method for calculating the answer, only total scores and 
error rates, and categorisation of critical errors relevant to fundamental dosage calculations were 
able to be performed at this stage. A summary of the total errors, non-critical errors, errors in skills 
areas critical to the solving of medication dosage calculations, and associated frequency of error 
rates, for Groups X and Y are illustrated in Figures 50 to 54 inclusive.
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Figure 50
Total errors committed and error rates manifested by Groups X and Y during the numeracy
assessment undertaken at selection
Group
(n - 44)













FrpqTiftiry = No. of errors x 100%
No. of opportunities for error (22 x40 = 880 per group)
No. of opportunities for error (44 \ 40 = 1 760 Total)
19.43% (Group X)
22. 38% (Group Y)
20.90% (Total)
Figure 51
Non-critical errors committed and error rates manifested by Groups X and Y during the 
numeracy assessment undertaken at selection
Group 
(n = 44)
X (n = 22)
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Critical errors committed and error rates manifested by Groups X and Y during the 
numeracy assessment undertaken at selection
Group 
(n = 44)
X (n = 22)
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Frequency = No. of errors x 100%






Figure 50 indicates that Group X and Y committed 171 and 197 errors each, from 880 arithmetical 
items respectively. This representing an error frequency rate of 19.43% and 22.38% for each group. 
In total, participants committed 368 errors from 1760 arithmetical items, this representing an error 
frequency rate of 20.9%.
These results indicated that errors committed during the computation of solutions to elementary 
arithmetical problems were widely evident throughout the student body accepted for the Pre- 
Registration Diploma in Nursing Studies Programme. Moreover it was important to recognise that a 
range of prospective students were rejected during the selection process as they had failed to 
achieve the requisite 24/40 entry score - some individuals scoring as low as 10 or 12 on the test. 
This indicated the generally poor level of computational ability throughout the prospective 
population of recruits. From a constructivist perspective this gross analysis suggested that many 
individuals applying for entry to the diploma programme, had in the absence of calculator use failed 
to construct accurate schema for these cognitive skills.
Discussion (Figure 51):
Figure 51 illustrates the number and frequency of errors committed by participants, that were non- 
critical to the computation of fundamental medication dosage calculation problems (i.e., addition, 
subtraction, percentage and negative number items). In total, participants committed 123 errors 
from 704 arithmetical items, this representing an error frequency rate of 17.47%.
Despite the fact that these arithmetical skills were not directly relevant to the solving of fundamental 
medication dosage calculation skills, they were nevertheless critical to the solving of many clinical- 
based problems (e.g., fluid intake and output calculations); and the understanding of statistical and 
scientific data (e.g., descriptive statistics and the concept of relative negative pressures in physical 
and physiological systems). Ultimately while there were a relatively smaller number of errors
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committed on these items, the error-rate frequencies were nevertheless alarming in terms of relevant 
schema construction.
Discussion (Figure 52):
Figure 52 illustrates the number and frequency of errors committed by participants, that were 
critical to the computation of fundamental medication dosage calculation problems (i.e., 
multiplication and division of integers (whole numbers), multiple computations, conversion of 
fractions to decimals, and conversion of SI units of weight and volume). Results indicated that 
Group X and Y committed 111 and 134 errors each, from 528 arithmetical items respectively, this 
representing an error frequency rate of 21.02% and 25.37% for each group. In total, participants 
committed 245 errors from 1056 arithmetical items, this representing an error frequency rate of 
23.2%.
Given the critical nature of these arithmetical items to the solving of medication dosage problems, 
an analysis of participants performance categorised for each item was performed. Figures 53 and 54 
illustrate the number of critical errors by category, committed by all participants, and by 
participants from Group X and Y respectively.
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Figure 53
Number of critical errors by category committed by all participants (n = 44) on the numeracy
test undertaken at selection
Computation skill tested
(specific to dosage 
calculations)
Multiplication of whole 
numbers






Conversions of SI units
of weight (milligrams, to 
micrograms. etc.)
Conversion of SI units of




































































A particularly striking feature of this analysis was the number of errors demonstrated by both 
groups when: performing division of integers; converting fractions to decimal equivalents; and 
conversion of SI units of weight (grams to milligrams and milligrams to micrograms). The error rate 
frequency for these items being 29.54%, 27.27%, and a staggering 51.7% respectively.
The selection numeracy assessment had been sensitive enough to detect the gross number of errors 
committed. However as this assessment was only quantitatively scored (Pass = 24/40; 60%) it failed 
to be diagnostic of critical computation and arithmetical operation errors committed by prospective 
students. That is as the scoring system was not item specific, and as there was no requirement to 
notate methods of computation, it was possible for a prospective student to commit up to 16 errors 
on arithmetical items, that were critical to the computation of medication dosages, and yet be 
deemed to have demonstrated a satisfactory numerical entry achievement level. As discussed in 
Section 1.8, Smith et al (1993) have argued from a constructivist perspective that such errors can be 
viewed as 'knowledge in transition'. Subsequently as professional educators, if we are to assist 
learners to build and recraft naive schema into more sophisticated forms, then in terms of dosage 
calculations it is essential to initially construct a framework which is diagnostic of pre-existing 
arithmetical operation and computation schema. Moreover as discussed in Section 1.8 and Section 
2.2 (Figure 35), accurate schema formation or conceptual models for SI units of weight had been 
extremely limited among previously tested students, a fact once again clearly illustrated by the data 
reported in Figure 53. However in the absence of a diagnostic framework it was impossible to 
identify at this point whether manifested errors in this section of the numeracy assessment were 
related to conceptual, arithmetical operation or computation problems.
Unfortunately given that no member of the teaching staff at the college had previously evaluated the 
significance of the errors made by prospective students, the numeracy assessment undertaken at 
selection was extremely limited in determining specific start-point schema development. Clearly
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this has implications for recommendations to other colleges of nursing, who are considering or 
operating numeracy assessments as part of their selection process. At this point it was not an 
intention of mine to construct a selection assessment incorporating a diagnostic framework, 
however as will be discussed presently the diagnostic features of the medication dosage calculation 
assessments could be adapted to produce such a framework.
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Figure 54 
Number of critical errors by category committed by participants from
Group X (n = 22) & Group Y (N = 22) on the numeracy test undertaken at selection
Computation skill 
tested
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As illustrated in Figure 50, gross analysis of the numeracy assessment group scores indicated that: 
Group X and Group Y manifested 171 and 197 total errors; and 111 and 134 critical errors 
respectively. Ultimately it was necessary to identify whether this represented a significant difference 
in start-point group arithmetical achievement level, prior to commencement of the college based 
cross-over/repeat measure experiment.
Figure 54 illustrates the comparative differences in numbers of participants committing errors 
within each category, and the relative error-rate frequencies for the two groups. Moreover the mean 
number of total errors manifested by individual students allocated to Group X and Group Y was 
7.77 (Group X); and 8.95 (Group Y). The mean number of errors critical to computation of 
medication dosage calculations manifested by individual students allocated to Group X and Group 
Y was 5.04 (Group X); and 6.09 (Group Y). Hence given these error rate differences an unpaired t- 
test for independent samples was performed:
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(Null and Alternative) hypotheses:
Hypothesis 1:
Ho: There is no significant difference in the mean group scores achieved by nursing 
students randomly assigned to Group X & Y on: The full (40 point) written 
numeracy assessment undertaken at selection.
HI: There is a significant difference in the mean group scores achieved by nursing 
students randomly assigned to Group X & Y on: The full (40 point) written 
numeracy assessment undertaken at selection.



























5% 1 42, 0.025
2.021
2.021
(see Appendix XII for full statistical analysis)
Therefore there was no statistical evidence of a significant difference between the total mean scores 
achieved on the written numeracy assessment undertaken at selection by Group X and Group Y; i.e., 
there was insufficient evidence to reject the null-hypothesis.
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Hypothesis 2:
HO: There is no significant difference in the mean group scores achieved by nursing 
students randomly assigned to Group X & Y on: The critical elements of the 
written numeracy assessment undertaken at selection (24 points).
HI : There is a significant difference in the mean group scores achieved by nursing 
students randomly assigned to Group X & Y on: The critical elements of the 
written numeracy assessment undertaken at selection (24 points).



























5% 1 42, 0.025
2.021
2.021
(see Appendix XIII for full statistical analysis)
Therefore there was no statistical evidence of a significant difference between the critical mean 
scores achieved on the written numeracy assessment undertaken at selection by Group X and Group 
Y; i.e., there was insufficient evidence to reject the null-hypothesis.
However as introduced in Section 2.5, despite both the process of random selection and assignment, 
and the rejection of the above null-hypotheses; there remained an identified mean difference of 1.18 
points between Groups X and Y on the full (40 point) numeracy assessment undertaken at selection 
(i.e., X > Y, mean 31.22 - 31.04 = 1.18). Effectively this meant that when calculated as a 
percentage, this amounted to a 2.95% mean difference between the two groups' start point 
arithmetical ability. Ultimately given that this could influence the error variance when comparing
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differences in group performance over the period of the experiment, it was essential to perform an 
Analysis of Covariance (ANCOVA) to adjust for this during between-group independent t-test 
analyses.
Analysis of Covariance (ANCOVA):
ANCOVA combines Analysis of Variance (ANOVA) with regression to measure the differences 
among group means. The rationale for the use of ANCOVA rests with its ability to reduce the error 
variance in the outcome measure and the ability to measure group differences after allowing for the 
differences between subjects (Hazard Munro 1997). The error variance is reduced by controlling for 
variation in the dependent measure that comes from separate measurable variables that influence all 
the groups being compared.
The 2.95% mean difference between the two groups' start point arithmetical ability effectively 
acted as an uncontrolled extraneous variable, which could influence the analysis of the real 
difference between the groups, hi ANCOVA, the variation from this variable is measured and 
extracted from the error variation. Hence the control of this extraneous variation provides a more 
accurate estimate of the real difference between the two groups (Hazard Munro 1997). 
Subsequently all t-test analyses for independent samples were adjusted for via ANCOVA, and the 
reported p-values reflect this adjustment (see Appendix XI).
The relationship between GCSE mathematics achievement levels and scores on the numeracy 
assessment undertaken at selection:
A range of studies have reported the relationship between academic qualification in mathematics 
and performance during numeracy and written medication dosage calculation assessments (Pine 
1987, Hutton 1998, Hilton 1999). Reported results vary between, subjects holding a GCSE Grade 
'C' and above, performing generally better than those with no formal mathematics qualification, to
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only an A level in the subject having any true credibility as an indicator of mathematical 
competence.
A representation of the 44 individual participants' achievement levels in GCSE mathematics, 
against scores achieved in the numeracy assessment undertaken at selection is summarised in Figure 
55 and illustrated in Figure 56:
Figure 55
A summary of participants' achievement levels at GCSE mathematics, against the range, 

























Participant's achievement levels in GCSE mathematics, against score achieved in the 











































Grade B Grade C None
Grade achieved in GCSE mathematics 
(or equivalent)
Discussion (Figures 55 and 56):
An analysis of the participants' performances on the numeracy test undertaken at selection, against 
possession of Grade 'B', 'C', or 'no' GCSE in mathematics was performed. Hilton (1999) observed 
that such an analysis was important as this demonstrates the comparative performances between 
GCSE Grades, at the transition point where prospective students might be rejected at selection, if 
such a minimum entry standard were to be enforced.
Rather surprisingly, mean scores achieved on the numeracy test, plotted against the three 
achievement levels in GCSE mathematics revealed that Grade 'C' > Grade 'B' > 'no' GCSE. 
However t-test analysis for all three interactions revealed no significant differences between mean
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scores achieved by the three groups. Moreover as illustrated in Figure 56, possession of a Grade 'B' 
or 'C' in mathematics was not predictive of performance in fundamental arithmetical computations 
without the aid of a calculator. Conversely the results also illustrate that participants holding no 
formal qualification in GCSE mathematics, in a number instances achieved higher scores on the 
numeracy assessment than those possessing the qualification.
These results support the conclusions of Hilton (1999) who suggested that possession of a GCSE 
Grade 'C' in mathematics, (and on the basis of the results reported in this thesis, additionally a 
GCSE Grade 'B'), are not sufficient alone to ensure that prospective students have developed 
arithmetical schema relevant to the numerical problems encountered in professional nursing 
practice. Conversely by the same token, colleges of nursing who may be practising or considering a 
policy of excluding prospective students, who do not possess a minimum of GCSE Grade 'C' 
mathematics, should be aware that this is in itself no indicator of accurate schema construction in 
this domain.
Prior to drawing this section to a conclusion it is templing to consider the relationship between 
participants age, sex, and performance on the numeracy assessment. However given the widening of 
the entry gate into nursing, together with the manpower issues currently facing the profession, 1 
believe that efforts would be better spent on developing a diagnostic framework and assisting 
students of both sexes, and all ages to develop requisite schema.
Conclusion (Section 3.1):
a) In total, participants committed 368 errors from 1760 arithmetical items on the 40 point 
numeracy assessment undertaken at selection; representing an error frequency rate of 20.9%. 
This indicates that in general many participants had yet to construct accurate schema for 
fundamental arithmetical skills.
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b) In respect of errors critical to the solving of fundamental medication dosage calculation 
problems, (i.e., multiplication and division of integers (whole numbers), multiple computations, 
conversion of fractions to decimals, and conversion of SI units of weight and volume); 
participants committed a total of 245 errors from 1056 arithmetical items, this representing an 
error frequency rate of 23.2%. Of particular concern was participants' demonstrated ability when 
performing division of whole numbers, conversion of fractions to decimal equivalents, and 
conversion of SI units of weight (grams to milligrams and milligrams to micrograms). The error 
rate frequency for these items being 29.54%, 27.27%, and a staggering 51.7% respectively.
c) Results indicated that Group X and Y committed a total of 171 and 197 errors each, from 880 
arithmetical items (an error frequency rate of 19.43% and 22.38% respectively): and 111 and 
134 critical-errors each, from 528 arithmetical items (an error frequency rate of 21.02% and 
25.37% respectively).
d) It was essential to identify whether there were any differences between the start-point 
arithmetical ability of the two groups prior to proceeding with the college-based experiment, (t)- 
test analysis revealed that there was no statistical evidence of a significant difference between the 
total-mean and critical-mean scores, achieved on the written numeracy assessment undertaken at 
selection by Group X and Group Y. However given the actual 1.18 point (2.95%) difference 
between the mean group scores, an ANCOVA was performed on all subsequent t-test analyses 
for independent samples, and the reported p-values reflect this adjustment
e) Possession of a Grade 'B' or 'C' in mathematics was not predictive of performance in 
fundamental arithmetical computations without the aid of a calculator. Conversely participants 
holding no formal qualification in GCSE mathematics, in a number of instances achieved higher 
scores on the numeracy assessment than those possessing the qualification. This suggests that 
possession (or not) of such GCSE qualifications in mathematics, is not an accurate predictor of 
relevant schema development for fundamental arithmetical functions.
f) The numeracy assessment undertaken at selection had been sensitive enough to detect the gross 
number of errors committed. However as this assessment was only quantitatively scored it failed
248
to be diagnostic of critical computation and arithmetical operation errors committed by 
prospective students.
Hence it can be concluded that the system utilised at the college for scoring and analysing the 
written numeracy assessment (requiring a 24/40; 60% pass score), was in its present form not 
diagnostic of:
* Ability to perform relevant arithmetical operations
* Ability to perform relevant computations
* Accurate schema construction for the arithmetical skills that are critical to the solving of 
fundamental medication dosage calculation problems
Ultimately this indicates the requirement for an item-specific diagnostic framework, to identify the 
stage of schema development among prospective and novice nursing students.
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Section 3.2 Participants cognitive style in mathematics (CSM)
A review of the relevance of the results:
Section 1.9h acknowledged that one suggested weakness of constructivist theories was their 
emphasis upon conceptual and attitudinal learning, to the detriment of the remembering of facts, 
and the general failure to address individual differences in learning. Subsequently I have addressed 
this issue in terms of recognising the existence of a series of cognitive learning styles in 
mathematics, and the necessity of testing for variations in style via the Test of Cognitive Style in 
Mathematics [TCSM] (Bath, Chin and Knox 1986). Secondly I have acknowledged the 
recommendations that both 'inchworm' and 'grasshopper' styles should be accommodated for in 
education programmes, and that opportunities should be presented for learners to integrate strategies 
unique to the two polar styles (Bath and Blais 1993). Finally I have explained how the computer 
based 'Authentic World' learning environment was designed to incorporate learning strategies 
favoured by both polar styles, and how opportunities for integrating these strategies via the process 
of 'scaffolding' of iconic and symbolic features was facilitated.
Subsequently in this section I will:
a) Present an analysis of participants' cognitive style in mathematics (CSM), as measured by the 
TCSM illustrated in Appendices E - V.
b) Compare the distribution of styles among the participants, with that of the only published study 
to date among baccalaureate nursing students in the USA (Bath and Blais 1993). The subsequent 
discussion will centre upon the observed style-distribution differences reported in these two 
studies.
c) Take author's license to introduce exemplars of inchworm, intermediate and grasshopper styles, 
manifested by participants during the written medication dosage calculation assessments.
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d) This acts as a precursor to the ensuing sections of Chapters 3 and 4, which will in part explore 
the observed performances of participants manifesting different CSMs, following exposure to 
didactic and 'Authentic World' learning environments; and the perceptions of a sub-sample of 
participants representing a range of CSMs, regarding their preferences for the latter two teaching 
and learning strategies.
Research question;
Do a range of cognitive styles in mathematics (CSM) exist among the 44 participants commencing 
the Diploma Level Nurse Education Programme.
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Results:
Figures 57 and 58 illustrate the numerical and percentage distribution of Cognitive Style in 
Mathematics (CSM) throughout the 44 participant sample.
Figure 57




Cognitive Style in Mathematics (CSM) 






Percentage distribution of Cognitive Style in Mathematics (CSM) throughout the 44
participant population






1 = Inchworm style
2 = Intermediate style
3 = Grasshopper style
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Discussion (Figures 57 and 58):
Following collection and analysis of data as described in Section 2.7, it emerged that all three CSMs 
were manifested by the participants. As illustrated in Figures 57 and 58 the distribution pattern of 













In the only previously reported study of cognitive style in mathematics among nurses, Bath and 
Blais (1993) reported that 66 first year nursing students following a Baccalaureate Programme in 













The group variation between inchworm and intermediate categories particularly, is intriguing, and 
may be a manifestation of the varying education systems in operation within the UK and the USA. 
Clearly assessment of larger sample groups from the two countries would be necessary to confirm 
the existence of these variations. However on the basis of these initial comparative findings it is 
important to recognise that education materials and textbooks designed for the USA-based learner 
may not be appropriate for their counterparts in the UK. Ultimately this is of particular importance
253
given the large importation and use of USA textbooks and computer based learning materials 
currently flooding the UK market. Subsequently as I have demonstrated in Chapter 2, and within the 
prototype CD-ROM based program, it is certainly possible with the authoring packages currently 
available, to construct education materials that are directly relevant to the UK based student.
The next stage in the assessment of CSM, was to identify the distribution of the three CSMs among 
participants assigned to Groups X and Y. This stage of the assessment acted as a precursor to 
undertaking the college- and clinical-based phases of the investigation, and centred on providing a 
framework which would facilitate:
a) Assessment of the relationship between participants manifesting the three CSMs and their 
performance on the written medication dosage calculation assessment, following sole/dual 
exposure to didactic and/or 'Authentic World' learning environments.
b) Identifying the perceptions of a sub-sample of participants from both groups, manifesting all 
three CSMs, regarding:
* Their preferred teaching strategy, and/or sequencing of teaching strategies.
* Efficacy of the two teaching strategies in preparing them for medication dosage calculation 
problem-solving in clinical nursing practice.
Results:
Figures 59 and 60 illustrate the numerical and percentage distribution of Cognitive Style in 
Mathematics (CSM) among participants assigned to Groups X and Y:
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Figure 59
Numerical distribution of Cognitive Style in Mathematics (CSM) among the 22 participants
























Percentage distribution of Cognitive Style in Mathematics (CSM) among the 22 participants
assigned to Group X and Group Y
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2 = Intermediate style
3 = Grasshopper style
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Discussion (Figures 59 and 60):



























A descriptive analysis of the distribution patterns between the two groups indicated that whilst the 
distributions for the 'inchworm' CSM were similar, those for the 'intermediate' and 'grasshopper' 
CSMs showed variations of 3 (13%) and 2 (9%) respectively. However as it was ray intention to 
merely examine any gross variations in the number of participants scoring 100% on the written 
assessment, rather than a more discrete statistical analysis, then the variation in distribution of 
CSMs between the groups was not critical. Nevertheless I recognise that any differences exposed 
during this exploratory investigation would need to be confirmed in a more closely controlled ex- 
post-facto investigation.
Prior to concluding this section I will take authors license to introduce exemplars of inchworm, 
intermediate and grasshopper styles, manifested by participants during the written medication 
dosage calculation assessments. This will provide a cognitive framework both for readers of this 
work and for comparative purposes with future research in the field.
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Exemplars of inchworm, intermediate and grasshopper CSMs manifested by participants 
during written assessments
Figures 60 - 62 illustrate exemplars of inchworm, grasshopper and intermediate CSMs respectively. 
Each exemplar is followed by a short discussion of the styles as observed during the data collection 






Prescribed Infusion Number of drops/ml 
Volume: Time: delivered by administration set:
Sodium Chloride 0.9% 1000 ml 8 hours
a. How many millilitres per hour
20 drops / ml 
Answer




b. How many drops per minute Answer
Please show your calculations/workings here
3 3 (l
As described in Figure 23 the typical inchworm works mechanically, tending to use pencil and 
paper to compute the answer; and uses numbers exactly as given via a single method of serial 
ordered steps, usually along one route (a rifle approach); this being generally in one direction, i.e., 







Prescribed Infusion Number of drops/ml 
Volume: Time: delivered by administration set:
Sodium Chloride 0.9% 1000 ml 8 hours
a. How many millilitres per hour
20 drops / ml 
Answer
Please show your calculations/workings here 
lOQO .
b. How many drops per minute Answer
Please show your calculations/workings here
3
As described in Figure 23 the typical grasshopper tends to perform all computations mentally; and 
uses a holistic approach, looking at numbers and facts to estimate or restrict the range of answer; 
sometimes adjusts, breaks down or builds up numbers to make the computation easier; uses flexible 
focusing and multi-methods simultaneously (a shotgun approach); in the example above, the 








Prescribed Infusion Number of drops/ml 
Volume: Time: delivered by administration set:
Sodium Chloride 0.9% 1000 ml 8 hours
a. How many millilitres per hour
20 drops / ml 
Answer
Please show your calculations/workings here
i ig"
b. How many drops per minute Answer
Please show your calculations/workings here 
)7_^ . .._.. O4-/ - GG - - •
The intermediate or integrated style uses combinations of both inchworm and grasshopper 
strategies. In Part A of the example above, the participant has initially broken down and simplified 
the problem (via cancelling strategies), and has then used a typical inchworm strategy to complete 
the computation (via short multiplication). In Part B, note that the participant uses a blend of mental 




a) The distribution pattern of CSMs among the 44 participants confirmed that all three styles 
existed among the population of a typical Diploma in Nursing Studies intake.
b) When compared to a sample of first year baccalaureate nursing students in the USA, there was 
evidence of widely varying distribution patterns between the two study groups. This may reflect 
variations in the style of education systems present in the two countries. However while caution 
is necessary when interpreting the results from these two small scale studies, initial comparative 
findings suggest that education materials and textbooks designed for the USA-based learner may 
not be necessarily appropriate for their counterparts in the UK. Ultimately it is clearly possible to 
construct education materials that are directly relevant to the UK based learner.
c) CSM distribution patterns between Groups X and Y indicated a similar 'inchworm' distribution, 
while those for 'intermediate' and 'grasshopper' CSMs showed variations of 3 (13%) and 2 
(9%) respectively. However given the exploratory nature of this element of the study, the 
variation in distribution of CSMs between the groups was not critical.
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Section 3.3 A review of methods used for collection of the college-based data
During Phase 1 and 2 of the college based experiment Group X and Y participants were exposed to 
the cross-over design experiment described in Section 2.6, and illustrated in Figure 49. Prior to 
exposure to the computer- and CD-ROM-based 'Authentic World' learning environment, 
participants were provided with detailed written and verbal instructions on how to access and 
operate the technology (see Appendix VIH), and were additionally provided with a series of 
coloured screen shot montages, for use when they did not have access to fee computer program (see 
Appendix IXL). Subsequently during the two practice and final assessment phases, participants 
undertook the 30-point written medication dosage calculation assessments illustrated in Appendix
liv.
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Section 3.4 A description of how the written medication dosage calculation
assessments were conducted during Stages 1 & 2 of the college-based 
experiment
During the final written assessments undertaken on completion of Phase 1 and 2, all 44 participants 
were provided with the instructions illustrated in Figure 63;
Figure 63 
Instructions provided to participants at the commencement of final written assessments
Instructions:
* This assessment consists of 3 sections:
1. Conversions of S.I. units
2. Calculation of tablet & capsule, liquid medicine, and injection dosages
3. Calculation of infusion volume and drop rates
* Each section consists of 10 questions
* Please attempt all questions (recall that you require 100% in each section to 
fulfil the college requirements)
* Calculators are not permitted
* Enter your answers in the answer boxes provided
* Please write all your calculations and workings in the boxes provided
The assessment was administered in accordance with the college examinations policy, and whilst it 
was not strictly time-limited, effectively 90 minutes was available for its completion.
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Section 3.5 Development of a diagnostic framework
This section explains the rationale for a diagnostic framework that was devised to facilitate 
categorization of errors committed by participants during the written and clinical assessment phases 
of the study. The requirement for such a framework is centred on three key factors:
1. To illustrate the number and specific types of error committed by participants, following sole 
exposure to either didactic teaching methods incorporating contextualised word problems, or the 
computer-based 'Authentic World' learning environment.
2. To illustrate the number and specific types of error committed by participants following duel 
exposure to the two teaching strategies.
3. To provide a cognitive framework for readers of this work and for comparative purposes with 
future research in the field.
Figures 14-16 illustrated exemplars of the three error types categorised within the diagnostic 
framework:
a) Arithmetical Operation errors
b) Computation errors
c) Conceptual errors
Subsequently further examples of these error types will be illustrated and referred to throughout the 
remainder of the thesis.
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Section 3.6 Participants performance during Stage 1 of the college based 
experiment
Key research questions:
Does exposure to an 'Authentic World' learning environment, and visualisation of relevant iconic 
features, mathematical formulae and equations assist novice nursing students, manifesting a range of 
CSMs, to construct key arithmetical schema necessary for solving fundamental medication dosage 
calculation problems? Specifically, is there a relationship between the total number of:
* conceptual problem-solving errors 
and
* computation errors (arithmetical operation errors and computation errors)
committed by novice nursing students on a written fundamental medication dosage calculation 
assessment following exposure to:
a) A sole teacher led lesson & tutorial incorporating contextualised word problems and abstract 
mathematical formulae and equations.
b) A sole computer based 'Authentic World' learning environment, based on constructivist 
principles and illustrating digital photographs of relevant iconic features observed in clinical 
practice, mapped onto the abstract mathematical formulae and equations which represent them in 
medication dosage calculation problems.
c) Sequencing of a teacher led lesson and tutorial followed by 'Authentic World' learning 
environment, and vice-versa.
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(Null and Alternative) hypotheses: Between group analysis 
(Phase 1):
HO: There is no significant difference in the mean group scores achieved by participants
on a 30 point written fundamental medication dosage calculation assessment, following 
exposure to:
a) Sole tuition via a computer based 'Authentic World' learning environment 
(Group X).
b) Sole exposure to a traditional teacher led lesson and group tutorial incorporating 
use of contextualised medication dosage calculation word problems and 
abstract mathematical formulae and equations 
(Group Y).
HI : There is a significant difference in the mean group scores achieved by participants
on a 30 point written fundamental medication dosage calculation assessment, following 
exposure to:
a) Sole tuition via a computer based 'Authentic World' learning environment 
(Group X).
b) Sole exposure to a traditional teacher led lesson and group tutorial incorporating 
use of contextualised medication dosage calculation word problems and 
abstract mathematical formulae and equations 
(Group Y).
Group X - Results:
Figures 64 and 65 illustrate a histogram representation of the total scores achieved by the Group X 
participants; and a tabular representation of the type and total number of conceptual problem 
solving errors, arithmetical operation errors, and computation errors committed by participants 
allocated to Group X during Stage 1 of the college based experiment. Appendices XIV and XV 
illustrate a detailed tabular representation of the data relevant to Figures 64 and 65.
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Figure 64
Performance of Group X participants during the Stage 1,30-Point written fundamental
medication dosage calculation assessment
Stage 1: Group X Scores 
Following Exposure to 'Authentic World' Learning Environment
24
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Figure 65
Tabular representation of Conceptual, Arithmetical Operation and Computation Errors
committed by Group X participants during the Stage 1,30-Point written fundamental












Figure 66 illustrates a histogram representation of the performance of Group X participants, by 
CSM, during the Stage 1, 30 point medication dosage calculation written assessment.
Figure 66
Performance of Group X participants: By CSM during the Stage 1 written fundamental
medication dosage calculation assessment
Group X: Stage 1 Scores by Cognitive Style in Mathematics (CSM)
Following Exposure to 'Authentic World' Learning Environment
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Discussion & Conclusions (Figures 64, 65 and 66):
a) A total of 12 from 22 participants [54.5%J achieved 30/30 (100%) on the written 
fundamental medication dosage calculation assessment.
b) An analysis of scores by CSM indicated that a total of 60% of inchworm CSMs (3/5 
participants) scored 100%; 50% of intermediate CSMs (8/16 participants) scored 100%; 
and the sole grasshopper CSM (1/1 participant) scored 100%. Ultimately sole exposure to 
the computer based 'Authentic World' learning environment supported the learning and 
development of requisite arithmetical schema, of 60% of inchworm CSMs, 50% of intermediate 
CSMs and 100% of grasshopper CSMs.
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c) A total of 10 from 22 participants committed between 1 and 8 errors (mean 1.45 errors per 
participant) on the written medication dosage calculation assessment.
d) There was no evidence of participants committing conceptual problem solving errors within 
any section of the written assessment. This indicated that exposure to an 'Authentic World' 
learning environment based upon constructivist principles assisted novice learners:
* To understand the logic of a fundamental medication dosage calculation problem
* To set up a fundamental medication dosage calculation problems correctly
e) There was no evidence of participants manifesting arithmetical operation errors in any section of 
the written assessment. However participant #18 despite being informed that she (in common 
with all students) was required to convert all fractions to decimal equivalents, resisted this during 
the Stage 1 written assessment. This point is illustrated in Figure 67:
268
Figure 67 












50 mg 1 ml ampoule














10 mg 1 ml ampoule
Please show your calculations / workings here:
Answer
Subsequently as will be discussed later during analysis of Stage 2 data, and as illustrated in the case 
study of participant #18, it is essential that students are prompted to convert fractions to decimal 
equivalents, for the purposes of:
* Diagnosing arithmetical operation errors during the conversion of fractions to decimal 
equivalents.
* Providing students with the professional knowledge base, and requisite schema to safely draw up 
correct volumes of drugs into syringes; i.e., syringe scales are marked in decimal notation and 
not fractions.
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f) All errors manifested on the Stage 1 written assessment were computation errors. This consisted 
of 10 from 22 [45.5%] participants (2 inchworms, 8 intermediates and 0 grasshoppers) 
who committed the following errors:
4 A total of 1 participant committed 1 computation error when converting micrograms to
milligrams. Here the student (participant #21) made a computation error and moved the decimal 
point two places to the left (instead of the 3 places notated during her written calculation); i.e. 
divided by 100 and not 1000. However this participant had correctly computed the previous 
question correctly (also a conversion of micrograms to milligrams). Figure 68 illustrates this 
error:
Figure 68 
Computation error during conversion of micrograms to milligrams (#21)
10. Convert: 
62.5 micrograms (meg) to milligrams (mg) :




Note the clumsy error made by the student, i.e., having set the problem up correctly and notated a 
shift of decimal point 3 places to the left, she only includes a two place shift in the answer.
» A total of 4 participants committed 4 computation errors when computing oral and injection 
dosages. Here four students (participants #6; #13; #19; #21) all committed errors of division.
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Figure 69 
Example of a computation error during calculation of liquid medicine dose (#6)
Question 6:
Drug , Prescribed Dispensed Contained 
Name: Dose: Dose: in:
Codeine 30 mg 25 mg 5 ml 
Phosphate Syrup
Please show your calculations / workings here:3»o 
^ 30 y t S =ISG --,^°-i V;i,-> 2.S "-1 "-'
•' ' 2^ •' " •' -••• "' •?•;'*•' 






Note that the student sets the problem up correctly, and then due to an inadequate schemata for 
performing a traditional long division computation, she has to resort to sequentially adding 
multiples of '25'. Ultimately her methodology fails and she miscomputes the answer as 7 ml instead 
of 6 ml.
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A total of 8 participants committed 27 computation errors when computing intravenous 
infusion volume and drop rates. Here eight students (participants #1; #11; #12; #13; #14; #15; 
#19; #22) all committed errors of division.
Figure 70 






Prescribed Infusion Number of drops/ml 
Volume: Time: delivered by administration set:
280ml 4 hours
a. How many millilitres per hour
15 drops / ml 
Answer
Please show your calculations/workings here
O
Note that the student sets the problem up correctly, but then demonstrates an inadequate schemata 
for correctly dividing 280/4, and calculates 28/4 = 5. This type of division error was widely 
distributed throughout the student population, and in common with the reported findings of Hutton 
(1998), was particularly evident among the 18 - 25 year old age group. This latter point will be 
returned to in Chapter 4.
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Summary of Group X results during Stage 1 of the college based experiment:
A total of 12 from 22 [54.5%] participants achieved 30/30 (100%) on the written fundamental 
medication dosage calculation assessment. Ultimately sole exposure to the 'Authentic World' 
learning environment supported the learning and requisite arithmetical schema development of 60% 
of inchworm CSMs, 50% of intermediate CSMs and 100% of grasshopper CSMs.
There were a total of 32 errors committed by 10 [45.5%] Group X participants (mean 1.45 errors 
per participant) during the Stage 1 element of the written medication dosage calculation assessment.
No participants from Group X committed any conceptual problem solving errors; i.e., all 
participants set up the dosage calculation problems correctly; and no participants from Group X 
manifested any arithmetical operation errors.
All errors committed by participants from Group X on the Stage 1 written medication dosage 
calculation assessment were computation errors of division. One participant resisted converting 
fractions to decimals; this despite setting up the problem correctly and subsequently reducing the 
problem to the correct fraction (conversion of fractions to decimal equivalents is essential to ensure 
safety when drawing up drugs into syringes). All participants were subsequently informed that 
failure to convert fractions to decimal equivalents on Stage 2 of the assessment would result in a 
referral.
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Group Y - Results:
Figures 71 and 72 illustrate a histogram representation of the total scores achieved by the Group Y 
participants; and a tabular representation of the type and total number of conceptual problem 
solving errors, arithmetical operation errors, and computation errors committed by participants 
allocated to Group Y during Stage 1 of the college based experiment. Appendices XVI and XVII 
illustrate a detailed tabular representation of the data relevant to Figures 71 and 72.
Figure 71
Performance of Group Y participants during the Stage 1,30-Point written fundamental 
medication dosage calculation assessment
Stage 1: Group Y Scores
Following Exposure to Didactic Lesson and Tutorial involving 'Contextualised 
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Figure 72
Tabular representation of Conceptual, Arithmetical Operation and Computation Errors
committed by Group Y participants during the Stage 1, 30-Point written fundamental











Figure 73 illustrates a histogram representation of the performance of Group Y participants, by 
CSM, during the Stage 1, 30 point medication dosage calculation written assessment.
Figure 73
Performance of Group Y participants: By CSM during the Stage 1 written fundamental
medication dosage calculation assessment
Group Y: Stage 1 Scores by Cognitive Style in Mathematics (CSM)
Following Exposure to Didactic Lesson & Tutorial with 'Word Problems'
















CSM: Inchworm (1-6); Intermediate (6-19); 
Grasshopper (20-22)
275
Discussion & Conclusions (Figures 71, 72 and 73):
a) A total of 2 from 22 [9%] participants achieved 30/30 (100%) on the written fundamental 
medication dosage calculation assessment.
b) An analysis of scores by CSM indicated that a total of 0% of inchworm CSMs (0/6 
participants) scored 100%; 7.6% of intermediate CSMs (1/13 participants) scored 100%; 
and 33% of grasshopper CSMs (1/3 participants) scored 100%. Ultimately sole exposure to 
the teacher led lesson and tutorial incorporating contextualised word problems, supported the 
learning and requisite arithmetical schema development of 0% of inchworm CSMs, 7.6% of 
intermediate CSMs and 33% of grasshopper CSMs. One finding of particular note here, was that 
0% of participants manifesting an inchworm CSM scored 100%. This was a direct contradiction 
to the suggestion made by Bath and Blais (1993), that strategies supporting this CSM consisted 
of formulaic type methods. The relevance of these results will be discussed in the next section.
c) A total of 20 from 22 [91%] participants committed between 1 and 10 errors (mean 3.7
errors per participant) on the written medication dosage calculation assessment.
There was evidence of 10 participants committing a total of 17 conceptual problem solving 
errors within: the conversion of SI units section (1 error); the oral medication/injection section 
(9 errors); and the IV infusion section (7 errors) of the written assessment. The CSM of the 
relevant students consisted of: 2 inchworms, 6 intermediates; and 2 grasshoppers. This 
indicated that following sole exposure to a teacher-led lesson and group tutorial incorporating 
contextualised word problems, 10 from 22 [45.5%] novice nursing students, manifesting all 
3 CSMs, failed:
* To understand the logic of a fundamental medication dosage calculation problem 
and/or
* To set up a fundamental medication dosage calculation problem correctly
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d) The conceptual problem-solving errors were manifested as:
* Participant #10: incorrectly set up and divided 1000 by 125 when converting 125 micrograms to 
milligrams
* Participant #12: failed to correctly set up and multiply prescribed dose by dispensed volume 
(liquid medicine)
* Participant #13: failed to correctly set up and multiply prescribed dose by dispensed quantity 
(tablet); and incorrectly set up 4 problems as dispensed volume x dispensed dose (medicine & 
injection)
* Participant #15: incorrectly set up problem as prescribed dose x dispensed dose (injection)
* Participant #17: incorrectly set up problem as dispensed dose divided by prescribed dose 
(injection)
* Participant #18: incorrectly set up problem as dispensed dose divided by prescribed dose
(injection) 
4 Participant #02: incorrectly set up problem as infusion time divided by prescribed volume (IV
infusion) 
» Participant #04: set up problem as ml per hour divided by incorrect drop denominator (IV
infusion) 
» Participant #05: incorrectly set up problem as ml per hour divided by incorrect infusion time (IV
infusion)
* Participant #06: incorrectly interpreted ml per hour as drops per minute & vice-versa x 4 (IV 
infusion)
Figures 74, 75 and 76 illustrate examples of the conceptual errors committed by participants :
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Figure 74 
A conceptual error when converting micrograms to milligrams (#10)
9. Convert:
125 micrograms (meg) to milligrams (mg):
Please show any calculations / workings here 
^ iOOO 12.5
Answer
Note that the student demonstrates an inadequate schemata for solving this problem. Ultimately she 
















10 mg 1 ml ampoule
Please show your calculations / workings here:
Z>5 >/o ;^5 * t-
10
Answer
Note that the student has an inadequate schemata for the relationship that exists between the 
prescribed dose, dispensed dose, and the volume the dispensed dose is contained in. 









































Please show your calculations / workings here:
Answer
Note that here the student has an inadequate schemata for the relationship between the dispensed 
dose and the volume that it is contained in.
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f) There was evidence of 8 participants manifesting a total of 13 arithmetical operation errors 
in all 3 sections of the written assessment. These consisted of:
* 2 arithmetical operation errors of conversion of SI units, manifested as:
* Participant #02: incorrectly divided 0.0625 by 1000 when converting milligrams to 
micrograms
* Participant #09: incorrectly multiplied 250 ml by 10 when converting to litres
* 5 arithmetical operation errors when calculating oral and injection medications
* Participant #07: incorrectly divided numerator into denominator as 5 = 0.5
* Participant #15: incorrectly divided numerator into denominator
* Participant #18: incorrectly divided numerator into denominator x 2
* Participant #19: incorrectly positioned a decimal point
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Figure 77 












25 mg 1 tablet




Note that the student initially recognises that the numerator (12.5) must be divided by the 
denominator (25); but then demonstrates inadequate arithmetical operation and computation 
schema, by not only reversing the operation, but also by miscomputing the answer.
• 6 arithmetical operation errors when calculating IV infusions
Participant #12: 
= 0.4 (x 2) 
Participant #16: 
Participant #19:
incorrectly divided numerator into denominator as 5 = 0.3 (x 2) and 15/60
incorrectly rounded decimal (rounded up 41.66 to 47) 
incorrectly positioned a decimal point
There was evidence of 18 participants committing 52 computation errors in all 3 sections of
the written assessment. These consisted of:
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* A total of 7 participants committed 12 computation errors when converting SI units of 
weight and volume. When converting:
* millilitres to litres:
* Participant #17 moved the decimal point 1 place to the left (instead of 3); i.e. divided by 10 and 
not 1000.
* grams to milligrams:
+ Participant #9 moved the decimal point 4 places to the right (instead of 3); i.e. multiplied by 10 
000 and not 1000 [x 2]
* Participant #17 moved the decimal point 4 places to the right (instead of 3); i.e. multiplied by 
10 000 and not 1000
* Participant #20 moved the decimal point 0 places (instead of 3); i.e. multiplied by 1 and not 
1000.
* milligrams to grams:
» Participant #9 moved the decimal point 4 places to the left (instead of 3); i.e. divided by 10 000 
and not 1000
* Participant #9 moved the decimal point 1 place to the left (instead of 3); i.e. divided by 10 and 
not 1000
* Participant #17 moved the decimal point 1 place to the left (instead of 3); i.e. divided by 10 and 
not 1000.
* milligrams to micrograms:
* Participant #3 moved the decimal point one place to the right (instead of 3 places); i.e. 
multiplied by 10 and not 1000
* Participant #7 moved the decimal point 6 places to the right (instead of 3 places); i.e. multiplied 
by 1 million and not 1000
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* Participant #10 moved the decimal point 1 place to the right (instead of 3); i.e. multiplied by 10 
and not 1000
* Participant #12 moved the decimal point 2 places to the right (instead of 3); i.e. multiplied by 
100 and not 1000.
g) A total of 9 participants committed 12 computation errors when computing oral and 
injection dosages. Here eight students (participants #6; #8; #9; #17 [x 2]; #18[x 2]; #20; #21; 
#22 [x2]) all committed errors of division; and one student (participant #10) committed an 
error of multiplication
h) A total of 14 participants committed 28 computation errors when computing intravenous
infusion volume and drop rates. Here fourteen students (participants #2; #4; #5 [x 3]; #8; #9; 
[x 2]; #10; #13 [x 4]; #14; #15 [x 2]; #17 [x 2]; #18 [x 2]; #20 [x 2]; #21 [x 3]; #22 [x 2]) all 
committed errors of division; and one student (participant #13) committed one error of 
multiplication.
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Summary of Group Y results during Stage 1 of the college based experimeut:
A total of 2 from 22 [9%] participants achieved 30/30 (100%) on the written fundamental 
medication dosage calculation assessment. Ultimately sole exposure to the teacher led didactic 
lesson and tutorial incorporating contextualised word problems supported the learning and 
requisite arithmetical schema development of 0% of inchworm CSMs, 7.6% of intermediate 
CSMs and 33% of grasshopper CSMs. Contrary to the suggestion made by Bath and Blais 
(1993), participants manifesting an inchworm CSM, did not appear to be supported by formulaic 
and recipe type methods.
There were a total of 82 errors committed by 20 [91%] of Group Y participants (mean 3.7 errors 
per participant) during the Stage 1 element of the fundamental written medication dosage 
calculation assessment.
By error category:
10 (45%) participants committed a total of 17 conceptual problem solving errors 
8 (36%) participants committed a total of 13 arithmetical operation errors 
18 (82%) participants committed a total of 52 computation errors
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Comparison of performance between Group X and Group Y during Stage 1 of the 
experiment:
Figures 78 - 80 provide a comparison between Group X and Group Y in respect of:
* The total scores achieved during Stage 1 of the college based experiment.
* The numbers of conceptual, arithmetical operation and computation errors committed during 
Stage 1 of the college based experiment.
* The percentages of participants from the three CSMs scoring 100% during Stage 1 of the college 
based experiment.
Each representation is accompanied by a discussion of the findings, and where appropriate a 
statistical analysis of the relevant data. The section concludes with a summary of the key findings of 
Stage 1 of the college based experiment.
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A comparison of the total scores achieved by participants assigned to Group X and Group Y 
during Stage 1 of the college-based experiment
(Null and Alternative) hypotheses: Between group analysis 
(Stage 1):
H0 : There is no significant difference in the mean group scores achieved by participants
on a 30 point written fundamental medication dosage calculation assessment, following 
sole exposure to:
a) The computer based 'Authentic World' learning environment 
(Group X).
b) The teacher led didactic lesson and group tutorial incorporating use of contextualised 
medication dosage calculation word problems and 
abstract mathematical formulae and equations 
(Group Y).
H]: There is a significant difference in the mean group scores achieved by participants
on a 30 point written fundamental medication dosage calculation assessment, following 
sole exposure to:
a) The computer based 'Authentic World' learning environment 
(Group X).
b) The teacher led didactic lesson and group tutorial incorporating use of contextualised 
medication dosage calculation word problems and 




A comparison of the total scores achieved by Group X and Group Y participants on the 30- 
point written medication dosage calculation assessment, during Stage 1
Group X Scores: Following sole exposure to the computer based 
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(see Appendix XVIII for full statistical analysis)
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Discussion & Conclusions (Figure 78):
There was clear statistical evidence of a highly significant difference between the total mean scores
achieved on the written medication dosage calculation assessment by Group X and Group Y on
completion of Stage 1 of the college based experiment. Subsequently the null hypothesis of no
significant difference between the two groups' mean scores was rejected at the 1% level (p<0.014,
post-ANCOVA).
Having adjusted for the 2.95% start point difference in the arithmetical ability of the two groups, 
the results suggest that: Following sole exposure to the 'Authentic World' learning environment, 
that participants from Group X performed significantly better on the written assessment, than 
participants from Group Y who had experienced sole exposure to the teacher led didactic lesson and 
tutorial, incorporating contextualised word problems. This finding directly conflicts with that 
reported by Fulton and O'Neill (1989). These authors found no statistically significant differences 
in math test scores achieved by two groups of nursing students exposed to visual cues or didactic 
teaching methods. However what Fulton and O'Neill failed to measure was the influence of 
simultaneous exposure to both iconic and symbolic features of dosage problems, as illustrated in the 
'Authentic World' learning environment. Ultimately it is my contention that a pivotal link exists in 
assisting novice learners to recognise the semantic relationship that exists between concrete iconic 
features situated in clinical nursing practice, word problems, and the formulae and equations 
derived from the latter. This suggested process of schema construction will be explored further in 
Chapter 4, when the perceptions of a sub-sample of participants regarding both the 'Authentic 
World' learning environment and didactic methods of teaching will be presented.
Returning to the Stage 1 results, Figure 79 illustrates a comparison of the conceptual, arithmetical 
operation and computation errors committed by participants assigned to the two groups; and Figure 
80 illustrates a comparison of the number of participants by CSM, assigned to the two groups who
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scored 100% during Stage 1 of the college based experiment (a full analysis of the latter is provided 
in Appendix DOC).
Figure 79
A comparison of the number of conceptual, arithmetical operation and computation errors 



























A comparison of the number of participants by CSM, assigned to Group X and Y who scored 
























Discussion (Figures 79 and 80) and conclusion to Stage 1 of the college based experiment:
1. A total of 12 [54.5%] Group X participants passed the written assessment at the requisite 
30/30 [100% level]; data range = 22-30; median value = 30; mode = 30 (x 12); mean score 
= 28.54/30 [95% level]; and 10/22 Group X participants committed between 1 and 8 errors each 
(total of 32 errors; mean 1.45 errors per participant), i.e.:
0 (0%) participants committed conceptual problem solving errors 
0 (0%) participants committed arithmetical operation errors 
1 0 (45%) participants committed 32 computation errors
A total of 2 [9%] Group Y participants passed the written assessment at the requisite 
30/30 (100%] level; data range = 20-30; median value = 26; mode = 26 (x 6); mean score
26.27/30 [87.5% level]; and 20/22 Group Y participants committed between 1 and 10 errors 
each (total of 82 errors; mean 3.73 errors per participant), i.e.:
10 (45%) participants committed a total of 17 conceptual problem solving errors 
8 (36%) participants committed a total of 13 arithmetical operation errors 
18 (82%) participants committed a total of 52 computation errors
Statistical analysis of mean group scores indicated a very significant difference between the two 
groups (p < 0.014, post-ANCOVA).
2. An analysis of Group X scores by CSM indicated that a total of 60% of inchworm CSMs (3/5 
participants) scored 100%; 50% of intermediate CSMs (8/16 participants) scored 100%; 
and the sole grasshopper CSM (1/1 participant) scored 100%. Ultimately sole exposure to
291
the computer based 'Authentic World' learning environment supported the learning and requisite 
arithmetical schema development of 60% of inchworm CSMs, 50% of intermediate CSMs and 
100% of grasshopper CSMs.
An analysis of Group Y scores by CSM indicated that a total of 0% of inchworm CSMs (0/6 
participants) scored 100%; 7.6% of intermediate CSMs (1/13 participants) scored 100%; 
and 33% of grasshopper CSMs (1/3 participants) scored 100%. Ultimately sole exposure to 
the teacher led lesson and tutorial incorporating contextualised word problems supported the 
learning and requisite arithmetical schema development of 0% of inchworm CSMs, 7.6% of 
intermediate CSMs and 33% of grasshopper CSMs. This indicates a more positive relationship 
between sole exposure to a constructivist approach, and 100% success on the written dosage 
calculation assessment; than the same criteria for participants receiving sole exposure to a 
didactic approach. Of particular relevance was that these findings are a direct contradiction to the 
suggestion made by Bath and Blais (1993), that individuals manifesting an inchworm CSM, are 
supported by formulaic type methods. Similarly contrary to the reported findings of Fulton and 
O'Neill (1989), these results suggest that scaffolding via simultaneous visualisation of both 
iconic and symbolic elements of dosage calculation problems, assists novice learners to construct 
requisite dosage calculation schema. This argument will be returned to in Section 3.7 and 
Chapter 4 respectively, when comparing Stage 1 and Stage 2 results from the college based 
experiment, and when reporting the perceptions of participants from all three CSMs in respect of 
the two teaching and learning strategies.
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Section 3.7 Participants' performance during Stage 2 of the College-Based 
Experiment
Stage 2 of the college based experiment is discussed in terms of three key elements:
a) An analysis and comparison of Group X performance in terms of Stage 1 results.
b) An analysis and comparison of Group Y performance in terms of Stage 1 results.
c) An analysis and comparison of Group X and Y performance following dual exposure to the 
'Authentic World' learning environment, and the teacher led lesson and tutorial.
An analysis and comparison of Group X performance in terms of Stage 1 results:
(Null and Alternative) hypotheses: Within group analysis:
H0 : There is no significant difference between the total mean scores achieved by Group 
X participants on the written medication dosage calculation assessment following:
a) Sole exposure to the 'Authentic World' learning environment (Stage 1)
b) Exposure to the 'Authentic World' environment, followed by exposure to the 
lesson & group tutorial, incorporating contextualised word problems (Stage 2)
HI : There is a significant difference between the total mean scores achieved by Group X 
participants on the written medication dosage calculation assessment following:
a) Sole exposure to the 'Authentic World' learning environment (Stage 1)
b) Exposure to the 'Authentic World' environment, followed by exposure to the 
lesson & group tutorial, incorporating contextualised word problems (Stage 2)
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Group X - Stage 2 Results:
Figures 81-83 illustrate a comparative representation of the total scores achieved by the Group X 
participants during Stages 1 and 2; a comparative representation of the type and total number of 
conceptual problem solving errors, arithmetical operation errors, and computation errors committed 
by participants during the two stages; and a comparison by CSM of participants who scored 100% 
in Stages 1 and 2. Appendices XX and XXI illustrate a detailed tabular representation of the data 
relevant to Stage 2 elements of Figures 81 and 82.
Figure 81
Comparative performance of Group X participants during the Stages 1 and 2 
30-Point written fundamental medication dosage calculation assessments
Stage 1: Group X Scores 
Following Sole Exposure to 'Authentic World' Learning Environment
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Figure 82
Comparative representation of Conceptual, Arithmetical Operation and Computation Errors
committed by Group X participants during Stages 1 and 2 on the 
30-Point written fundamental medication dosage calculation assessment

























Comparison of participants by CSM, assigned to Group X who scored 100% during Phases 1
and 2 of the college based experiment

















































5% t 21. 0.025
2.080
(see Appendix XXH for full statistical analysis)
Therefore there was sufficient evidence to reject the mill hypothesis at the 5% level (p<0.05), and 
to conclude that there was a significant if moderate improvement in the total mean scores of 
participants exposed to the computer based 'Authentic World' learning environment, followed by 
the didactic lesson and tutorial, as opposed to sole exposure to the 'Authentic World' learning 
environment.
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Discussion & Conclusions (Figures 82 and 83); and a summary of Group X participants' 
performance during Stage 2 of the college based experiment:
1. A total of 17 from 22 [77.3%] participants achieved 30/30 (100%) on the written medication 
dosage calculation assessment. The total number of participants achieving 100% having 
increased from 12 in Stage 1 to 17 during Stage 2.
2. An analysis of scores by CSM indicated that a total of 80% (4/5 participants) of inchworm 
CSMs scored 100% [previously 60%; 3/5 on Stage 1]; 75% (12/16 participants) of intermediate 
CSMs scored 100% [previously 50%; 8/16 on Stage 1]; and the sole grasshopper CSM (1/1 
participant) scored 100% [previously also 100% on Stage 1]. Ultimately exposure to the 
computer based 'Authentic World' learning environment, followed by subsequent exposure to 
the teacher led didactic lesson and tutorial, supported the learning and requisite arithmetical 
schema development of 80% of inchworm CSMs, 75% of intermediate CSMs and 100% of 
grasshopper CSMs.
3. A total of 5 from 22 [22.7%] participants committed between 1 and 3 errors (mean 0.23 errors 
per participant) on the written medication dosage calculation assessment (the relevant CSM of 
these participants being: 1 inchworm, 4 intermediates and 0 grasshoppers).
4. There was no evidence of participants committing conceptual problem solving errors within any 
section of the written assessment. This indicated that initial exposure to a computer based 
'Authentic World' learning environment continued to assist novice nursing students:
* To understand the logic of a fundamental medication dosage calculation problem
* To set up a fiindamental medication dosage calculation problem correctly
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5. There was evidence of one participant manifesting an arithmetical operation error in the oral 
medication and injection section of the written assessment. Here participant #18 (inchworm 
CSM) had previously scored 100%, i.e., 30/30 on the Stage 1 written assessment. However in 
two instances she had resisted converting fraction to decimal equivalents, despite havmg been 
prompted and instructed to do this (see Figure 67). All participants were informed that on the 
Stage 2 assessment should they not perform such conversions, the relevant question would be 
marked as incorrect and they would be referred on that section of the assessment. Subsequently 
following completion of the teacher led lesson and group tutorial participant #18 performed the 
required conversion and this revealed her arithmetic operation error regarding converting 
between fractions and decimal equivalents. This took the form of dividing the numerator into the 
denominator, resulting in a > 6 times the correct answer (see Figure 84).
Figure 84
Arithmetical operation error committed following prompting of a novice student to 













10 mg 2 ml ampoule




Note that the student has demonstrated an accurate schema for cancelling the equation to 2/5; but 
now faced with the requirement to convert the fraction to a decimal equivalent, she demonstrates an 
inadequate schemata and commits an arithmetical operation error, i.e., incorrectly divides the 
numerator into the denominator (resulting in an answer of 2.5 ml instead of the correct 0.4 ml).
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Thus it is essential that students are prompted to convert fractions to decimal equivalents on 
written assessments, for the purposes of:
* Diagnosing inadequate schema for arithmetical operation functions regarding the conversion of 
fractions to decimal equivalents.
* Mobilising support services to assist novice learners to develop requisite arithmetical schema 
and the professional knowledge base to safely draw up correct volumes of drugs into syringes; 
i.e., syringe scales are marked in decimal notation and not fractions.
6. A total of 4 from 22 participants (all intermediate CSM; and all possessing GCSE Grade C 
mathematics) committed computation errors in the oral medication and injection section of the 
written assessment:
* All 4 participants (participants #5; #10; #12 [x 3], #21) committed a total of 6 computation 
errors when computing oral and injection dosages. All four students committed errors on 
problem types requiring schema for a 50% ratio-proportional division/reduction of the dispensed 
unit-volume, to achieve the correct prescribed dose; e.g., prescribed dose 25 mg; dispensed dose 
50 mg contained in 5 ml = 2.5 ml.
* These students committed errors where they provided answers of 10 ml instead of the correct 2.5
ml, however, significantly participants #5, #10 & #12 had during the Stage 1 assessment: 
» All previously achieved 100 % on this section
* All previously shown accurate computation schema in their workings/written computation 
methods
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Subsequently during the Stage 2 assessment all three participants:
Failed to show any workings/written computation methods.
Were using mental arithmetic strategies without subsequent checking using written computation
methods.
Were questioned regarding their answers and all demonstrated accurate schema for correctly
setting-up and computing the correct answers. These students admitted to 'rushing the test',
'paying less attention' and 'making silly mistakes' due to 'already having passed the section'. All
students were counselled on the potential implication of such complacency in clinical practice.
Ultimately this finding tends to support the claims of Darbyshire (1993), who suggested that it is
unsafe to assume that all adults are, or remain self motivated, as is suggested in the original
adult-based learning theory of Knowles (1981).
Subject #21 (who possessed a GCSE grade C in mathematics and was a psychology graduate)
demonstrated a similar inadequate schemata for performing a division calculation, as that
previously manifested on the Stage 1 assessment, and was subsequently referred on the
assessment.
Ultimately at this stage of the investigation the empirical results suggested that the sequence of
teaching strategies to which Group X were exposed, complemented the learning of greater than
90% of novice students. However it would not be until the clinical and qualitative stages of the
investigation that evidence of learning transfer, and participants perceptions of the process could
be evaluated. This will be discussed in Chapter 4.
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An analysis and comparison of Group Y performance in terms of Stage 1 results:
(Null and Alternative) hypotheses: Within group analysis:
H,,: There is no significant difference between the total mean scores achieved by Group 
Y participants on the written medication dosage calculation assessment following:
a) Sole exposure to the lesson & group tutorial, incorporating contextualised word 
problems (Stage 1)
b) Exposure to the lesson & group tutorial, incorporating contextualised word 
problems, followed by exposure to the 'Authentic World' environment (Stage 2)
HI : There is a significant difference between the total mean scores achieved by Group Y 
participants on the written medication dosage calculation assessment following:
a) Sole exposure to the lesson & group tutorial, incorporating contextualised word 
problems (Stage 1)
b) Exposure to the lesson & group tutorial, incorporating contextualised word 
problems, followed by exposure to the 'Authentic World' environment (Stage 2)
Group Y - Stage 2 Results:
Figures 85 - 87 illustrate a comparative representation of the total scores achieved by the Group Y 
participants during Stages 1 and 2; a comparative representation of the type and total number of 
conceptual problem solving errors, arithmetical operation errors, and computation errors committed 
by participants during the two stages; and a comparison by CSM of participants who scored 100% 
in Stages 1 and 2. Appendices XXI11 and XXTV illustrate a detailed tabular representation of the 
data relevant to Stage 2 elements of Figures 85 and 86.
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Figure 85
Comparative performance of Group Y participants during the Stages 1 and 2 
30-Point written fundamental medication dosage calculation assessments
Stage 1: Group Y Scores
Following Exposure to Didactic Lesson and Tutorial involving 'Contextualised 
Word Problems', and Abstract Formulae & Equations
















Number of Participants (n = 22)
Stage 2: Group Y Scores
Following Duel Exposure to Didactic Lesson and Tutorial involving 
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Figure 86
Comparative representation of Conceptual, Arithmetical Operation and Computation Errors
committed by Group Y participants during Stages 1 and 2 on the 
30-Point written fundamental medication dosage calculation assessment

























Comparison of participants by CSM, assigned to Group Y who scored 100% during Phases 1
and 2 of the college based experiment



















































(see Appendix XXV for full statistical analysis)
Therefore there was sufficient evidence to reject the null hypothesis at the ^ of 1% level (p< 0.001), 
and to conclude that there was a very highly significant improvement in the total mean scores
of students initially exposed to the lesson and tutorial followed by the 'Authentic World' learning 
environment; as opposed to sole exposure to the lesson and group tutorial, incorporating 
contextualised word problems. However as will be discussed in the next section, whilst the 
magnitude of improvement was greater for Group Y than for Group X, between stages 1 and 2, the 
latter mean groups scores were moderately higher. This having important implications for the 
sequencing of relevant teaching strategies.
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Discussion & Conclusions (Figures 85 and 86); and a summary of Group V participants' 
performance during Stage 2 of the college based experiment:
1. A total of 14 from 22 [63.6%] participants achieved 30/30 (100%) on the written medication 
dosage calculation assessment. The total number of participants achieving 100% having 
increased from 2 in Stage 1 to 14 during Stage 2.
2. An analysis of scores by CSM indicated that a total of 33% (2/6 participants) of inchworm 
CSMs scored 100% [previously 0%; 0/6 on Stage 1]; 69% (9/13 participants) of intermediate 
CSMs scored 100% [previously 7.6%; 1/13 on Stage 1]; and 100% (3/3 participants) of 
grasshopper CSMs scored 100% [previously 33% on Stage 1]. Ultimately exposure to the 
teacher led lesson and tutorial followed by subsequent exposure to the 'Authentic World' 
learning environment, supported the learning of 33% of inchworm CSMs, 69% of intermediate 
CSMs and 100% of grasshopper CSMs.
3. Significantly there was no evidence of participants committing conceptual problem solving
errors within any section of the written assessment. This indicated that while initial exposure to 
the lesson and tutorial, incorporating contextualised word problems and mathematical formulae 
resulted in 10 participants committing a total of 17 conceptual problem solving errors; in
contrast following exposure to the 'Authentic World' environment all participants from Group 
Y were assisted:
» To understand the logic of a fundamental medication dosage calculation problem 
* To set up a fundamental medication dosage calculation problem correctly
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4. A total of 8 from 22 [36.3%] participants committed between 2 and 5 errors (mean 1.13 errors 
per participant) on the written medication dosage calculation assessment (the relevant CSM of 
these participants being: 4 inchworms, 4 intermediates and 0 grasshoppers).
5. There was evidence of 5 participants manifesting a total of 7 mathematical operation errors 
in the oral medication/injection, and IV infusion sections of the written assessment. These 
consisted of predominantly but not exclusively incorrectly dividing the numerator of a fraction 
into the denominator (an example of this very common arithmetical operation error has been 
previously illustrated in Figure 84). Detail of the errors committed were:
4 7 arithmetical operation errors when calculating oral and injection medications:
* Participant #12 (x 2 errors): a) subtracted the numerator from the denominator and then divided 
by 10, i.e., 4/10 = 0.6; b) incorrectly divided the numerator into the denominator, finally 
rounding 4.16 down to 4 and then dividing by 10, i.e., 24/100 = 0.4
* Participant #8: incorrectly divided numerator into denominator
* Participant #10: incorrectly divided numerator into denominator
* Participant #18: incorrectly divided numerator into denominator (x 2)
* Participant #22: incorrectly divided numerator into denominator
6. There was evidence of 7 participants committing 18 computation errors, in the oral 
medication/injection, and IV infusion sections of the written assessment. These consisted of:
* A total of 3 participants committed 4 errors when computing oral and injection dosages. Here 
two students (participants #6; #19 [x2]) both committed errors of division; and one student 
(participant #8) committed an error of multiplication.
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* A total of 7 participants committed 14 errors when computing intravenous infusion volume and 
drop rates. Here six students (participants #6 [x 4]; #8; #9 [x 2]; #18 [x 3]; #19 [x 2]; #22) all 
committed errors of division; and one student (participant #10) committed one error of 
multiplication.
* Subsequently 8 participants demonstrated inadequate schema for performing a range of 
arithmetical operation and computation functions, hi the majority of instances errors centred 
upon division of fraction numerators into the denominator, during conversion to decimal 
equivalents; and computation errors of division during the calculation of liquid medicine, 
injection and I.V. infusion dosages, volumes and rates.
Ultimately at this stage of the investigation the empirical results suggested that the sequence of 
teaching strategies to which Group Y were exposed, complemented the learning of approximately 
64% of novice students. This represented a highly significant improvement upon the group's 
performance during Stage 1 of the investigation. However it is important to stress that when 
comparing this result with those of previous cohorts of students at the college, that greater than 86% 
of participants scored (27-30/30), i.e., 90%-100% on the written assessment. Under normal 
circumstances college policy dictated that students who scored 90-97% on the assessment would be 
permitted to retry those calculations where errors had been made. However I was particularly 
interested in identifying whether errors manifested on the written assessment, were remanifested in 
clinical practice. Hence all participants not achieving 100% on the written assessment were referred 
at this point. Subsequently a sub-sample of participants falling into the latter category, and a sample 
of participants who had successfully completed the written assessment were selected for 
participation in the clinical phase of the investigation. To provide a clearer rationale for this 
decision, it is necessary to discuss the issue of mastery level in the context of previously reported 
beliefs regarding what constitutes a reasonable score on written dosage calculation assessments.
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Gentine (1980) suggested that in the field of mathematics it is vital for nurses to 'achieve a 
predetermined competency level'. In this respect Pine (1987, p.21) stated that norm-referenced 
testing has no place here. This view was supported by Pickup (1976, p.302) who stated that
in vocational exams...the answer is criterion-referenced testing, (with) a clear statement 
at the start of the course of the objectives....and what constitutes the absolute 
performance.
However this form of testing is not without its problems. This was highlighted by Bloom, Hastings 
and Madus (1971) who claimed that the concept of mastery learning contains the inherent 
assessment problem of determining the test and score which indicates that mastery has been 
obtained. Block (1971) contended that 80% - 85% is a reasonable required score, and that insistence 
on scores higher than this is not merely unreasonable, but may even have a negative effect on 
motivation. In support of this claim, Lawler (1974) and Harris and Ligvori (1974) suggested that a 
reasonable target for students would be to cover 90% of a course with 90% mastery, i.e. 81% 
mastery of the complete course.
However commenting on the expectation by Bindler and Bayne (1984), of a 70% mastery target in 
each of 5 semesters for mathematics and drug calculations; Adams and Duffield (1991) questioned 
why a 100% level of mastery is not expected when the implications of calculating drug dosages 
incorrectly on 30% of occasions are considered. However in defence of Bindler and Bayne (1984) 
the authors did concede that the 70% passing level was changed to 80% when it was recognised that 
those students who passed several parts of the test at 70% still had difficulty in transferring then- 
knowledge to the calculation of medications. This issue had previously been explored by Pine 
(1987, p.21) and Mueller (1976) who in respect of a 100% mastery target, argued that whilst such a 
target is too stringent for all courses, that there are times when the 90% or 100% learning 
requirement is appropriate. This particularly in courses where basic skills and knowledge are critical 
to subsequent learning and/or life success.
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However in support of Adams and Duffield (1991), Worrel and Hodson (1989) examined the 
implications of mastery learning in clinical practice arguing
What percentage correct denotes mastery of dosage calculation? Is it 70%, 80%, or 
100% correct? In reality, a single computation error could be fatal. Basic math 
deficiencies can be identified in the classroom by examination, however, the life- 
threatening potential of a calculation error appears in the clinical setting (Worrell and 
Hodson, 1989, p.27).
Hence when constructing such criterion-referenced assessments of drug dosage calculating ability, it 
is clearly necessary to consider the expected mastery level of 'fundamental skills' and 'higher- 
order' skills to be achieved by nursing students. However the reported arguments presented in the 
literature regarding what level on a written medication dosage calculation assessment constitutes 
mastery, have to date been based on assessments following exposure to teaching via didactic 
methods. Personally I was intrigued by students' performance during clinical medication dosage 
calculation problem-solving situations, in comparison to their performance on 'fundamental' written 
assessments following exposure to an 'Authentic World' learning environment. That is was an 80% 
or 90% achievement level on the written assessment predictive of a 100% competency level in 
clinical practice (as has been suggested by a number of authors); or were the arithmetical operation 
and computation errors committed on the written assessment, remanifested during analogous 
clinical problem solving situations? This will be fully discussed in Chapter 4.
Prior to this a comparison of the Stage 2 performance of participants assigned to Group X and 
Group Y was performed. This comparison was intended to provide information regarding the 
relationship between the sequencing of the two teaching strategies and the performance of 
participants on the written assessment.
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Comparison of performance between Group X and Group Y during Stage 2 of the 
experiment:
Figures 88 - 90 provide a comparison between Group X and Group Y in respect of:
» The total scores achieved during Stage 2 of the college based experiment.
* The numbers of conceptual, arithmetical operation and computation errors committed during
Stage 2 of the college based experiment. 
4 The percentages of participants from the three CSMs scoring 100% during Stage 2 of the college
based experiment.
Each representation is accompanied by a discussion of the findings, and where appropriate a 
statistical analysis of the relevant data. The section concludes with a summary of the key findings of 
the college based experiment.
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A comparison of the total scores achieved by participants assigned to Group X and Group Y 
during Stage 2 of the college-based experiment
(Null and Alternative) hypotheses: Between group analysis 
(Stage 2):
Hoi There is no significant difference in the mean group scores achieved by participants
on a 30 point written fundamental medication dosage calculation assessment, following 
dual exposure to:
a) The computer based 'Authentic World' learning environment; followed by a 
teacher led didactic lesson and group tutorial incorporating use of 
contextualised medication dosage calculation word problems and 
abstract mathematical formulae and equations 
(Group X).
b) A teacher led didactic lesson and group tutorial incorporating use of contextualised 
medication dosage calculation word problems and 
abstract mathematical formulae and equations; followed by the 
computer based 'Authentic World' learning environment 
(Group Y).
HI : There is a significant difference in the mean group scores achieved by participants
on a 30 point written fundamental medication dosage calculation assessment, following 
dual exposure to:
a) The computer based 'Authentic World' learning environment; followed by a 
teacher led didactic lesson and group tutorial incorporating use of 
contextualised medication dosage calculation word problems and 
abstract mathematical formulae and equations 
(Group X).
b) A teacher led didactic lesson and group tutorial incorporating use of contextualised 
medication dosage calculation word problems and 
abstract mathematical formulae and equations; followed by the 
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(see Appendix XXVI for full statistical analysis)
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Discussion & Conclusions (Figure 88):
Prior to adjustment via ANCOVA, there was statistical evidence of a significant if moderate 
difference between the total mean scores achieved on the written medication dosage calculation 
assessment by Group X and Group Y, on completion of Stage 2 of the college based experiment. 
Subsequently without adjustment via ANCOVA the null hypothesis of no significant difference 
between the two groups' mean scores would have been rejected at the 5% level (p< 0.05).
However having employed ANCOVA to adjust for the 2.95% start point difference in the 
arithmetical ability of the two groups, there was no evidence of a statistically significant difference 
between the total scores achieved on the written assessment undertaken at the end of Stage 2 (P > 
0.066). These results indicate that: following dual exposure to the 'Authentic World' learning 
environment and the didactic lesson and tutorial, that participants from Group X continued to 
perform slightly but not significantly better on the written assessment, than participants from Group 
Y. This suggests that following ANCOVA adjustment, there remained a moderately positive 
sequencing effect, in favour of exposure to the 'Authentic World' environment followed by the 
didactic lesson and tutorial, rather than vice-versa, hi essence this finding supports the general 
model described by Bruner (1975, 1978), which incorporates strategies that support schema 
formation through a logical progression from iconic to symbolic modes of representation.
More specifically Figure 89 illustrates a comparison of the conceptual, arithmetical operation and 
computation errors committed by participants assigned to the two groups; and Figure 90 illustrates a 
comparison of the number of participants by CSM, assigned to the two groups who scored 100% 
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Discussion (Figures 89 and 90):
A total of 17 [77.2%] Group X participants passed the written assessment at the requisite 30/30 
[100% level]; data range = 27-30; median value = 30; mode = 30 (x 17); mean score = 29.7/30 
[99% level]; and 5/22 Group X participants committed between 1 and 3 errors each (total of 7 
errors; mean 0.31 errors per participant), i.e.:
0 participants committed conceptual problem solving errors 
1 participant committed an arithmetical operation error
4 participants committed a total of 6 computation errors
A total of 14 [63.6%] Group Y participants passed the written assessment at the requisite 30/30 
[100%] level; data range = 25-30; median value = 30; mode = 30 (x 14); mean score 28.86/30 
[96% level]; and 8/22 Group Y participants committed between 2 and 5 errors each (total of 25 
errors; mean 1.13 errors per participant), i.e.:
0 participants committed conceptual problem solving errors
5 participants committed a total of 7 arithmetical operation errors 
7 participants committed a total of 18 computation errors
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Section 3.8 Conclusions regarding manifestation of conceptual errors during 
written medication dosage calculation assessments
There was clear evidence that all 44 novice nursing students from Groups X and Y when exposed to 
the 'Authentic World' learning environment, committed no conceptual problem solving errors on 
the fundamental written medication dosage calculation assessment; and thus were assisted:
* To understand the logic of a fundamental medication dosage calculation problem
4 To set up a fundamental medication dosage calculation problem correctly
4 To construct accurate schema for fundamental medication dosage calculation problems
Ultimately the above result has implications for the previously held belief that calculator use was 
intimately associated with the phenomenon of conceptual problem solving error manifestation. This 
belief had been held by lecturers at the study site, and had also been reported by Shockley et al 
(1989), who stated that there was a relationship between calculator use and a significantly greater 
number of conceptual/problem solving errors, and fewer computational errors than when calculators 
were not permitted. However the findings reported during Stage 1 of this study clearly 
demonstrated that:
* Sole tuition via the 'Authentic World' learning environment, facilitating simultaneous 
visualisation of relevant iconic features, mathematical formulae and equations, resulted in none 
of the 22 participants manifesting conceptual problem solving errors.
» Sole tuition via the use of didactic methods incorporating contextualised word problems, 
mathematical formulae and equations, resulted in 10/22 participants manifesting conceptual 
problem solving errors. Significantly these errors were committed in the absence of calculator
use.
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* Subsequently all 22/22 of the latter group once exposed to the 'Authentic World' learning 
environment, facilitating simultaneous visualisation of relevant iconic features and mathematical 
formulae, manifested no conceptual problem solving errors.
At this stage of professional knowledge base development, it is impossible to conclude that there is 
no relationship between calculator use and manifestation of conceptual problem solving errors. 
Hence it is recommended that research is required to further evaluate the findings of this study and 
its identification of the relationship between use of didactic teaching methods and conceptual error 
manifestation. Subsequently it is recommended that ex-post-facto research should centre upon 
employment of a Solomon Four Square or 4 Group Factorial experiment consisting of exposing 
students to teaching strategies centering upon use of:
1. Didactic methods and contextualised word problems and formulae with no use of calculators
2. Didactic methods and contextualised word problems and formulae with use of calculators
3. An 'Authentic World' learning environment with no use of calculators
4. An 'Authentic World' learning environment with use of calculators
Ultimately while not a central objective of the current study, employment of this proposed research 
methodology may elucidate data that both extends the professional knowledge base and clarifies the 
relationship between calculator use and manifestation of conceptual errors.
Conclusions regarding manifestation of arithmetical operation and computation errors 
during written medication dosage calculation assessments.
While exposure to the 'Authentic World' learning environment clearly assisted all 44 novice 
learners to construct requisite schema for understanding and setting up written medication dosage 
calculation problems; it similarly became clear that for some learners the construction of accurate
317
schema for Arithmetical Operation and Computation skills would take a more protracted period of 
time. Arithmetical Operation errors centred predominately but not exclusively upon dividing 
fraction numerators into denominators, during conversion to decimal equivalents. Similarly 
Computation errors centred predominantly but not exclusively upon division of whole numbers.
On completion of Stage 2 of the college based investigation a total of 13/44 (29.54%) participants 
committed one or more arithmetical operation and computation errors. 4/44 (9.09%) of these 
participants, who had previously scored 100% on the written assessment during Stage 1, upon 
subsequent questioning clearly demonstrated accurate schema for the dosage problems they had 
committed computation errors on. These students admitted to 'rushing the test', as they had 
previously met the college requirements for this assessment. Subsequently these participants were 
not selected for inclusion in the clinical phase of the investigation, and their actions during Stage 2 
of the experiment casts doubt upon the suggestion made in adult learning theory, that all adults are 
or remain self-motivated.
The remaining 9/44 (20.45%) participants either continued to manifest similar arithmetical 
operation and/or computation errors to those previously manifested during Stage 1 of the college 
based experiment; or in one case committed arithmetical operation errors when prompted to convert 
fractions to decimal equivalents. This finding suggests that despite exposure to both the 'Authentic 
World' learning environment, and the traditional teacher led didactic lesson, that these students had 
yet to construct accurate schema for the calculation skills described. Subsequently to identify 
whether performance on the written assessments was re-manifested in clinical practice, and to 
survey the opinions of participants regarding the two teaching strategies they had been exposed to 
during the college based component of the investigation, a sub-sample of 9 of the 44 participants 
was selected for inclusion in 9 in-depth case studies, observation and assessment of dosage 
calculating ability in clinical nursing settings, and post clinical-assessment semi-structured 
interviews. This consisted of a selection of students from all three branches and CSMs, and students
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who had both scored 100% on the written assessment, or who had manifested arithmetical operation 
or computation errors during Stage 2 of the investigation.
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A final summary of the college based component of the investigation
In conclusion this chapter has presented the results of the college based component of the 
investigation. There were three aims to this chapter, and I will now briefly summarise the major 
points that were developed.
Aim 1:
To analyse the efficacy of a pre-registration Diploma in Nursing Studies selection numeracy 
assessment, in detecting arithmetical operation and computation skills critical to the solving of 
fundamental medication dosage calculation problems.
Following an analysis of the numeracy selection assessment, and the performance of participants on 
the fundamental written medication dosage calculation assessments, the results indicated that:
A range of computation, i.e., arithmetical operation and computation problems were widely evident 
among the sample of participants. These were manifested as mainly conversion of fractions to 
decimal equivalents, and errors when computing whole number division and multiplication, without 
the aid of a calculator. Ultimately there was evidence among the student body of a widespread 
failure to accurately develop schema for these arithmetical skills. Moreover there was evidence that 
possession of a Grade 'B', 'C', or 'no' formal qualification in GCSE mathematics, was not of itself 
an accurate predictor of accurate schema construction for these skills. These findings have 
implications for the efficacy of the numeracy assessment undertaken at selection, and it is 
recommended that development of an item-specific diagnostic framework is necessary to:
a) Identity the stage of schema development among prospective and novice nursing students.
b) Facilitate mobilisation of support networks, to assist learners to develop requisite arithmetical 
schema.
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Whilst not specifically designed as an assessment for selection purposes, the diagnostic framework 
utilised within this study facilitated diagnosis of conceptual, arithmetical operation and computation 
errors. That is where participants demonstrated arithmetical operation or computation errors, these 
had been open to scrutiny and diagnosis, both as: Participants had been instructed to show all of 
their computational methods; and as the conceptual problem solving errors which had previously 
confounded such a diagnosis had now been eliminated, by exposure of students to the 'Authentic 
World' learning environment. Ultimately the current design of this diagnostic framework would 
need to be adapted for use within the selection process. This would require posing of specific 
arithmetical equations that underpin calculations that are encountered in professional nursing 
practice; and a requirement for prospective students to demonstrate their method of performing the 
computation. However of key importance is the requirement for faculty staff who are able to 
interpret error types manifested by candidates. There is clearly the opportunity to consult 
professional mathematician colleagues, regarding the design specification of such a diagnostic 
framework. However given the distinct thought pattern differences described by Noss et al (1999), 
for mathematicians and non-mathematicians, it is recommended that consultation between 
mathematician colleagues and nursing faculty must be adhered to during every stage of such a 
design process.
Aim 2:
To identify the cognitive styles in mathematics (CSM) of a typical sample of students following a 
pre-registration diploma in nursing studies programme; and to compare the styles manifested by 
UK based nursing students with those previously reported among their counterparts in the USA.
a) The distribution pattern of CSMs among the 44 participants confirmed that all three styles, i.e. 
inchwonn, intermediate and grasshopper, existed among the population of a typical Diploma in 
Nursing Studies intake.
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b) When compared to a sample of first year baccalaureate nursing students in the USA, there was 
evidence of widely varying distribution patterns between the two study groups. This may reflect 
variations in the style of education systems present in the two countries. However while caution 
is necessary when interpreting the results from these two small scale studies, initial comparative 
findings suggest that education materials and textbooks designed for the USA-based learner may 
not be necessarily appropriate for their counterparts in the UK. Ultimately as demonstrated in 
this thesis, it is clearly possible to construct education materials that are directly relevant to the 
UK based learner.
c) CSM distribution patterns between Groups X and Y indicated a similar 'inchworm' distribution, 
while those for 'intermediate' and 'grasshopper' CSMs showed variations of 3 (13%) and 2 
(9%) respectively. However given the exploratory nature of this element of the study, the 
variation in distribution of CSMs between the groups was not critical.
Aim 3:
To analyse and evaluate the relationship between exposure to didactic transmission methods, a 
computer-based 'Authentic World' learning environment, and the learning of fundamental 
medication dosage calculation skills in the classroom, by students manifesting a range of CSMs.
* During Stage 1: Group X participants gained significantly greater total mean scores on the 
written medication dosage calculation assessment than Group Y participants (p < 0.014, post 
ANCOVA).
* Following sole exposure to the 'Authentic World' learning environment Group X participants 
committed no problem-solving conceptual errors. While following sole exposure to didactic 
teaching methods, 10 Group Y participants (45%) committed one or more conceptual errors.
322
* During Stage 2: There was no significant difference between the total mean scores of Groups X 
and Y, on the written assessment (post ANCOVA). Group Y participants' mean group scores 
improved significantly following exposure to the 'Authentic World' learning environment (p < 
0.001).
* Following the cross-over period participants from both Group X and Y committed no problem- 
solving conceptual errors.
* On completion of Stage 2 of the college based experiment, 1 and 8 participants from Groups X 
and Y respectively continued to manifest arithmetical operation and/or computation problems.
* Results suggest that exposure to constructivist approaches to teaching and learning assist novice 
nursing students to develop requisite schema and understanding of medication dosage problems. 
However development of schema for arithmetical operation and computation methods, 
particularly related to the method for converting fractions to decimals and long division skills, 
requires a more protracted time period for assimilation and accommodation to occur.
* During Stage 1, participants from Group X within all three Cognitive Styles in Mathematics (i.e., 
inchworm, intermediate and grasshopper), scored higher mean scores than their counterparts in 
Group Y. Subsequently during Stage 2 and following exposure to the 'Authentic World' learning 
environment, participants within all three Cognitive Styles in Mathematics from Group Y 
improved their test-scores significantly. However despite these results, it was only participants 
manifesting a grasshopper CSM who all scored a maximum of 30/30 by completion of the 
college based experiment. This result supports the findings of Bath and Blais (1993) who 
suggested that the 'global' strategies used by participants manifesting this style, equip them 
particularly well to solve typical medication dosage calculation problems. Ultimately following
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random assignment of participants to the two groups, the variation in respective CSMs between 
the two groups precluded a more sensitive statistical analysis of the significance of these results. 
It is recommended that a controlled ex-post-facto study of this phenomenon be performed to 
provide a more definitive statement of the relationship between CSM and performance on 
written assessments. Nevertheless the opinions of participants manifesting all three CSMs, 
regarding their preference for the two teaching/learning strategies will be presented in Chapter 4.
Despite making highly significant progress from Stage 1 to Stage 2, Group Y participants failed 
to achieve the same levels of performance on the Stage 2 written medication dosage calculation 
assessment, as did the Group X participants (p < 0.05 pre-ANCOVA; p > 0.066 post- 
ANCOVA). However these results must be viewed in respect of:
* Group X demonstrated a slightly higher if statistically insignificant start-point mathematical 
achievement level (as evidenced by the numeracy test scores achieved at selection). 
Subsequently this may have contributed to the actual performance division between the two 
groups on completion of the college-bases phase of the study.
* The potential for primacy of learning to have influenced the Group Y participants must clearly 
be considered. Of particular concern in this respect was the performance of Group Y participants 
manifesting an inchworm CSM. That is not only did initial exposure to didactic and formulaic 
teaching methods fail to support the learning of any of these students; but also subsequent 
exposure to the 'Authentic World' learning environment supported only 33% of the learners to a 
100% level of mastery. Thus to identify whether performance on the written assessments was re- 
manifested in clinical practice, and to survey the opinions of students on their perceptions of the 
efficacy and sequencing of the two teaching strategies: A sub-sample of 9 of the 44 participants 
were selected for inclusion in 9 in-depth case studies based upon observation and assessment of 
dosage calculating ability in clinical nursing settings, and post clinical assessment semi- 
structured interviews. This now forms the basis of Chapter 4 of this thesis.
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CHAPTER 4 
THE CLINICAL-BASED EMPIRICAL AND ANALYTIC PHASE
Advanced organiser:
1 This chapter centres upon two key themes:
I
I a) The observation and assessment of a sub-sample of participants, during clinical-based
medication dosage calculation problem solving situations.
b) The opinions of participants from this sub-sample regarding: Their perceptions and experiences 
of mathematics prior to commencing the Diploma in Nursing Studies Programme; their 
perceptions of the two teaching strategies they were exposed to during the college-based 
component of the investigation; their perceptions of the efficacy of the two strategies in 
preparing them for medication dosage calculation problem solving in clinical nursing practice; 
and their experience of mathematics anxiety.
I The chapter is divided into seven sub-sections:
|J 4.1 Design, description and rationale of the clinical-based investigation
4.2 Inclusion criteria of participants selected for the clinical-based phase, and the 
rationale for a case-study approach
4.3 Description of the clinical areas utilised during the clinical-based investigation
4.4 Ethical considerations
4.5 Methods used during collection of the clinical-based data
4.6 Statement, interpretation and general discussion of the clinical-based results
4.7 Description, then atic-analysis and discussion of post clinical assessment
interviews, and a review of the 'student experience' during the investigation
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Section 4.1 Design, description and rationale of the clinical-based investigation
The clinical-based phase of the investigation was undertaken during Weeks 26-42 of the Diploma in 
Nursing Studies Programme. This represented the first clinical experiences for students' following 
this programme, and all clinical data were collected during the branch specific Clinical Placement 
Units described in Chapter 1. The rationale for collecting data within this 'sixteen week window' 
period, centred upon:
1. Identifying whether college-centred performance indicators transferred to clinical practice during 
a 4, 8, 12 and 16 week post-college instruction period respectively; and identifying novice 
nursing students perceptions regarding whether the college-based program provided a foundation 
for medication dosage calculation problem solving, in their specific branch of clinical nursing 
practice.
2. As discussed in Chapter 2, delimiting the opportunity for variation in exposure to historical 
events to influence participants' performance.
Transfer of college-centred performance indicators to clinical practice
As discussed in Chapter 1, evidence from the literature to date, suggests that written medication 
dosage calculation assessments have not traditionally been a reliable predictor of subsequent 
performance in clinical nursing practice. For example Conti and Beare (1988) reasoned that there 
was no association between raw test score and the incidence of subsequent medication errors 
committed in clinical nursing practice. These authors concluded that
A mathematics/drug calculation test cannot be used as a reliable tool to screen those 
individuals most likely to make the type of medication errors most frequently reported 
(p. 58).
Conversely studies from both the USA and the UK have indicated that experience in clinical 
settings does not significantly improve subsequent performance on written medication dosage
326
calculation assessments (Bayne and Bindler 1988, Laverty 1989). These latter findings support 
those from the 'situated learning' literature. Most notably Lave (1988) in her seminal work 
described how 'just plain folk' could not transfer perfectly adequate computation skills used during 
grocery shopping, to the solving of formal word problems. This dichotomy has also been observed 
by the Mathematical Sciences Group (1998), who reported that
...most adults make sense of situations in ways which differ quite radically from those 
of mathematicians. Rather than having a mathematical orientation which strives toward 
consistency and generality, problem solving in working life is geared to pragmatic 
concerns and solving particular problems - a mode we term everyday orientation.
(Nosse/o/1998,p.3)
Moss et al argued that despite the fact that mathematical orientations can provide a powerful way to 
understand a range of physical, biological, economic and social phenomena, that non- 
mathematicians commonly seem unable to draw on their everyday orientations in order to construct 
mathematical orientations
These findings clearly reinforce the existence of a theory-practice divide. That is, abstract 
classroom- and word-based teaching strategies and assessments that are not specifically linked to 
contextual and iconic features that exist in clinical practice, appear to be an unreliable indicator of 
clinical performance. Conversely, clinical experience of medication administration does not in itself 
appear to positively influence performance on written medication dosage calculation assessments, a 
fact which had been observed at the study site and which 1 have discussed previously. Ultimately 
given these reported observations, together with those I had made previously, it appeared bizarre 
that the nursing profession continued to utilise teaching strategies and written assessments that 
appeared to be ineffective in both assisting students to develop requisite schema, and as predictors 
of subsequent clinical performance. Hence following the evaluation of the 'Authentic World'
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learning environment, and the diagnostic framework, during the college-based phase of the 
investigation, I now aimed during the clinical-based phase of the investigation:
a) To explore whether following exposure to a combined 'Authentic World' learning environment 
and didactic transmission methods, whether performance on the written assessments, were 
predictive of a sub-sample of participants' performance during clinical-based medication dosage 
calculation problem-solving situations.
b) To explore the perceived problem comprehension difficulties encountered by participants when 
learning medication dosage calculation skills via didactic transmission methods and 
contextualised word problems.
c) To explore participants' perception of the influence of a transmission model and an 'Authentic 
World' learning environment, upon their understanding and learning of dosage calculation skills.
d) To explore participant's perception of whether the transmission model and/or the 'Authentic 
World' learning environment prepared them to undertake medication dosage calculation problem 
solving in their specific branch of clinical practice.
e) To explore participants' experiences and perceptions of mathematics anxiety.
To facilitate achievement of these aims, the clinical-based phase was designed to incorporate:
* Selection of a sub-sample of participants, following all three branches of nursing prepared at the 
study site, and construction of case studies relevant to each selected participant (see Section 4.2).
4 Assessment of participants in clinical settings appropriate to their chosen branch (see Section 
4.3).
* A strict ethical dimension aimed at ensuring client safety and psychological integrity of
participants (see Section 4.4). 
» Use of observation, direct assessment and case study construction, to identify and record the
medication dosage calculation problem solving skills manifested by selected participants in
clinical settings (see Sections 4.5 and 4.6).
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* Performance and thematic-analysis of post clinical assessment semi-structured interviews (see 
Section 4.7).
The employment of this design was aimed at enhancing the validity of the design via triangulation. 
Three elements of triangulation have been identified: multi-method triangulation, data-source 
triangulation and investigator or researcher triangulation (Hammersley 1979, Mathison 1988). 
The employment of experimental, observational, interview and case study methods, fulfilled the 
criteria of multi-method triangulation. Similarly collection and interpretation of written, 
observational and oral data, fulfilled the criteria of data-source triangulation. Finally given the 
participatory nature of Action Research, there is (albeit weaker) evidence, of researcher 
triangulation. Lecturer colleagues were involved in collecting and interpreting data during CSM 
analysis, and delivery and post-assessment of teacher led didactic lessons. Nevertheless during large 
periods of the study I acted as the sole researcher and this arguably could result in the phenomenon 
of observer bias. However given the use and illustration of the diagnostic framework to assess 
participant error, and the case study methodology to provide in-depth descriptors of clinical 
performance and participants' perceptions, this provides clear opportunity to scrutinise presented 
data. Moreover given the subtle variations between the observed error types, the employment of a 
single researcher reduced the opportunity for observer variation (Polit and Hungler 1995).
The opportunity for variation in exposure to historical events
As discussed in Chapter 2, 'history effects' refer to events occurring during the course of the study, 
which may influence the final outcome of the research, hi respect of the clinical phase of the study, 
if the data collection had occurred outside of the sixteen week 'window period', this would have 
resulted in exposure of participants to widely varying experiences. Ultimately such variation may 
have resulted in exposure to historical events that influenced the outcome. This chapter now 
continues with the inclusion criteria of participants selected for the clinical-based phase of the 
investigation, and the rationale for a case study approach.
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Section 4.2 Inclusion criteria of participants selected for the clinical-based phase
Given the 'sixteen week window' where I had access to participants allocated within branch specific 
placements, I was restricted in the number of individual students I could visit, observe, assess and 
interview. Hence for logistical reasons 1 selected a sub-sample of 9 (20%), participants from the 
original 44 participant sample. 1 aimed to explore the performance of participants following all 
three branches, manifesting all three CSMs and demonstrating a range of group allocation and 
achievement levels during the college-based written dosage calculation assessments. Hence given 
this inclusion criteria, the 9 participant sub-sample consisted of:
Branch Criteria:
Child Branch x3 (33%) 
Adult Branch x 3 (33%) 
Mental Health Branch x 3 (33%)
Cognitive Style in Mathematics (CSM) Criteria:
Inchworm x 3 (33%) 
Intermediate x 5 (56%) 
Grasshopper x 1 (11%)
Group Criteria:
Group X x3 (33%) 
Group Y x 6 (67%)
College Assessment Achievement Level Criteria:
30/30 x5 (100%) 
29/30 x 1 (97%) 
28/30 x2 (93%) 
26/30 x 1 (87%)
Figure 91 illustrates a summary of the key details of participants selected for inclusion in the 
clinical-based phase of the investigation.
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Figure 91
A summary of the key details of participants selected for inclusion in the clinical-based phase
of the investigation





























































To highlight both the schema development of the participants, and the student's individual 
perceptions of the education process they had been exposed to, I selected a case study approach as 
the methodology of choice.
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The rationale for a case study approach:
Fridlund (1997, p.3) argued that the case study approach is a research strategy that is seldom used in 
the caring sciences. A case study is an empirical in-depth inquiry about an individual, family, group 
or organisation. Its use is preferable when "how" and 'why' questions are asked. Subsequently the 
case study is mainly used to explain those causal links in real-life intervention that are too complex 
for either the survey or experimental strategies. Similar to other research strategies, its design 
includes questions or propositions, units of analysis, the logic linking the data to the questions or 
propositions, and the interpretations of the outcomes. In support of this view the case study 
approach has been recommended as a valuable tool for identifying explanatory patterns for 
phenomena within health care settings (Backman and Harris 1999, Yin 1999). Hence given the 
complex qualitative data that would be generated during the clinical-based phase, I believe that the 
case study approach was the optimum methodology for bridging the college- and clinical-based 
phases of the investigation.
Subsequently having selected this approach, I required a framework within which to operationalise 
and facilitate the data collection. Charlton and Walston (1998) identified two crucial 
methodological stages during the case study approach. The first is to identify scientifically plausible 
general theories and derive from them specific hypotheses or models of sufficient precision to have 
implications for individual cases. I had previously formulated a series of exploratory questions, and 
have stated these in Section 4.1.
The second stage identified by Charlton and Walston is to test these hypothetical models against 
'pure' cases, selected so as to exclude interfering variables. As explained in Chapter 2, a range of 
measures were employed to control for extraneous variables during the college-based phase of the 
investigation; moreover to further delimit the influence of confounding 'historical events' during the
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clinical-based phase, I designed the data collection period to occur in the '16 week window' when 
participants were exposed to common experiences.
Ultimately at an operational level Charlton and Walston (1998 p. 147) describe two main types of 
case study: i.e., those made by serendipity (unplanned case observations which challenge an implicit 
theoretical framework); and formal case studies (designed prospectively to collect pure cases to test 
a prior hypothesis). Subsequently given the developmental nature of the Action Research 
methodology, I constructed formal case studies centred upon the developmental stages manifested 
by the nine participants. Each case study incorporated six key elements:
a) Anonymised demographic details of the participant.
b) A summary of performance during the numeracy assessment undertaken at selection.
c) A summary of performance during Stage 1 of the college-based experiment.
d) A summary of performance during Stage 2 of the college-based experiment.
e) A summary of performance during the clinical-based phase of the investigation.
f) A transcript of a one hour post-clinical assessment semi-structured interview, centred upon 
participants' opinions of:
1. Their perceptions of mathematics prior to commencing the Diploma in Nursing Programme.
2. General perceptions and any perceived problem comprehension difficulties encountered by 
participants when learning medication dosage calculation skills via didactic transmission 
methods and contextualised word problems
3. General perceptions and any perceived problem comprehension difficulties encountered by 
participants when learning medication dosage calculation skills via the 'Authentic World' 
learning environment.
4. Perceptions of the efficacy of a transmission model in preparing the participants for medication 
dosage calculation problem-solving in their specific branch of clinical nursing practice.
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5. Perceptions of the efficacy of the 'Authentic World' learning environment in preparing the 
participants for medication dosage calculation problem-solving in their specific branch of 
clinical nursing practice.
6. Perceptions regarding the optimal sequencing of the teaching strategies they had been exposed to 
during the college-based phase of the investigation.
7. Perceptions regarding the necessity for an optional fundamental mathematics and arithmetic 
module to be incorporated into the Diploma in Nursing Studies Programme.
8. Their experiences and perceptions of mathematics anxiety.
The complete case studies are located in Appendices XXVIII to XXXVI inclusive, and are referred 
to individually, collectively and in tabular form within relevant sections of Chapters 4 and 5. This 
chapter now continues with a description of the clinical areas utilised during the clinical-based 
investigation.
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Section 4.3 Description of the clinical areas utilised during the clinical-based 
investigation
As discussed in Chapter 2, during the Planning Phase of the investigation I had 'immersed myself 
in a range of clinical settings to get a feel for the fundamental dosage problems that existed in 
reality. 1 had been introduced by a range of my education colleagues to the senior nursing staff 
within a range of child, adult and mental health areas. This involved visits to six clinical areas (two 
child, adult and mental health settings respectively), in five hospitals across three counties 
surrounding the study site. During this period I had opportunities to 'shadow' registered nurses 
during all aspects of their medication and intra-venous fluid administration duties. Following 
collection of data regarding the medication dosage calculation problem solving requirements in 
these areas, I secured agreements from both the senior nurse managers and clinical nurse managers 
for me to return and assess the nursing students allocated to their areas. 1 will discuss the relevant 
ethical and safety considerations agreed with both the clinical nursing staff and the nine participants 
in Section 4.4. However at this point 1 will provide the rationale for selecting these clinical areas for 
inclusion in the investigation.
Given my aim of identifying whether performance indicators in the form of achievements and error 
types manifested in the written assessments, were predictive of participants' performance during 
clinical-based medication dosage calculation problem-solving situations; it was implicit that 
selected clinical areas offered the requisite dosage problem solving opportunities. Despite there 
being no guarantees of this, I was reasonably confident that the six clinical areas I had previously 
visited, would offer most fundamental problem-solving opportunities during any one four week 
allocation. Hence following negotiation with the relevant clinical managers, the college allocation 
department, and the nine selected participants, the latter were allocated to the following areas.
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Child Allocation:
1. 30 bed general children's unit, managing medical, surgical and trauma & orthopaedic problems. 
The unit incorporated 15 cots and beds for 0-5 year old children; and 15 beds for 6 to 18 year 
old children and adolescents.
2. 28 bed general children's unit, managing medical, surgical and trauma & orthopaedic problems. 
The unit incorporated 28 cots and beds for 0-18 year old children and adolescents.
Adult Allocation:
1. 38 bed integrated medicine unit, managing medical and care of the elderly problems. The area 
housed two regional units specializing in gastro-enterology and infectious diseases.
2. 38 bed surgical unit, managing general surgical problems, and specializing in gastro-enterology 
problems.
Mental Health Allocation:
1. 30 occupant elderly mentally infirm unit, managing acute on chronic mental health problems, 
and co-existing age-related physical problems.
2. 32 occupant elderly mentally infirm unit, managing acute on chronic mental health problems, 
and co-existing age-related physical problems.
The organizational aspects of the clinical based investigation, and the methods used during the data 
collection periods will be discussed in Section 4.5. However I will now turn to the ethical and safety 
issues that needed to be considered during the data collection period.
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Section 4.4 Ethical considerations:
As discussed in Chapter 2,1 explained to both the senior administrative and clinical managers, and 
the relevant link lecturers, that absolute confidentiality would be maintained regarding all 
information provided in patient medication and fluid prescription charts. Moreover there would be 
no direct patient involvement in the research, and no patient, ward, hospital, Health Care Trust, 
clinical staff member or nursing student would be identified by name within the research.
I was concerned that the medication dosage calculation problems that participants would be exposed 
to, were identical to those required of the registered nurses within each clinical area. However for 
the purposes of patient safety and the psychological integrity of the participants I designed the 
clinical assessment such that there was no direct patient involvement. That is:
* Due to my quite substantial college commitments I would be unfamiliar with the identities and 
diagnostic histories of individual patients within each of the clinical settings. Hence given the 
wide range of fundamental computation skills that I aimed to assess, the time and professional 
requirements to incorporate a medication administration component would have been 
prohibitive.
* In terms of maintaining the psychological integrity of the participants, 1 was very aware of the 
anxieties that committing dosage errors produced among students. Hence while I was keen to 
identify whether achievements and error types manifested in the written assessments, were 
predictive of participants' performance in clinical practice, 1 was not prepared to compromise 
student's psychological integrity by requesting them to perform these calculations in the 
presence of patients.
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Hence to legitimize the medication dosage calculation problem-solving situations to a point where 
all aspects of problem-solving, with the exception of patient administration factors, could be 
assessed, I would require:
* Access to patients medication and fluid prescription charts.
* Access to the prescribed medications and intra-venous fluids.
* Access to the administration equipment, i.e., measuring cups, syringes and I.V. infusion 
administration sets.
* Access to the ward clinical room where the dosage calculations would be performed.
Subsequently on discussing these requirements with the relevant senior managers and clinical 
managers, I was pleasantly surprised at the universal support and assistance I was offered in 
completing these assessments. Ultimately it became clear that these senior nurses were universally 
concerned regarding the dosage calculating abilities of a range of nursing students, and newly 
registered nurses that they had encountered in their clinical areas. Understandably one area of 
concern for the clinical managers was the potential for wastage of patients personally prescribed 
medications. 1 was able to provide reassurances that there would be no contamination or wastage's 
of this type and permissions were gained on this basis. This chapter now continues with the methods 
used during collection of the clinical-based data.
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Section 4.5 Methods used during collection of the clinical-based data:
The design of the data collection process was fully explained to the senior administrative and 
clinical managers and the participants. This consisted of:
1. Participants would initially be visited by myself during week 1 of their 4 week clinical 
allocation. This orientation visit was designed to negotiate two convenient three hour periods in 
weeks 3 and 4 respectively of the clinical allocation.
2. Given the weekly variations in problem-solving opportunities that I had both observed during 
my previous visits to these clinical areas, and that the clinical staff had typically encountered, I 
reasoned that two, three hour opportunities, offered a reasonable chance of 'capturing' the 
required data. Ultimately should all relevant problem solving opportunities be available in week 
3 then the full assessment would be undertaken in that period. Conversely should the assessment 
in week 3 fail to capture all the relevant data, then a second opportunity would be available in 
week 4.
3. The three hour time period was based upon a 90 minute clinical assessment component, 
followed by a 30 minute rest period and a 60 minute semi-structured interview respectively. The 
rationale for these timings was based upon: a) maximum time periods available for medication 
administration in clinical practice; b) the requirement for a reasonable rest period between the 
clinical assessment and the interview; c) collecting interview data while the experience of the 
clinical assessment was fresh in the students mind.
4. The clinical assessment would be undertaken during a period that did not typically coincide with 
medication administration rounds or times. This varied ward to ward and was negotiated on an 
individual basis. Clearly where unplanned requirements for medication administration occurred 
during the assessment period, the clinical staff were provided with access to the medication 
trolley etc..
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5. On the day of the assessment I visited the ward prior to the scheduled start time, and following 
consultation with the senior nurse on duty, I examined all available patient medication and fluid 
prescription charts for examples of requisite problems. I noted the patient's name and location 
within the ward, and familiarized myself with the location of relevant tablets, capsules, liquid 
medicines, injection ampoules, intravenous infusion fluids and administration sets, measuring 
cups and syringes within the ward clinical room. I was particularly interested in assessing 
participants on identical or similar problems to those they had encountered in the college-based 
assessments; and where participants had manifested particular error types on the written 
assessment, to expose them to clinically oriented problems that required solving via similar 
patterns of reasoning.
6. On commencing the assessment I reiterated the rationale for undertaking the assessment to the 
student, and explained that where the student demonstrated 100% competence in relevant 
conversion or calculation skills, T would record this in the sStudents' Assessment Record of 
Clinical Skills.
7. To ensure medication security and patient safety, the student being assessed was requested to 
locate and return the medication or fluid prescription chart of each patient in turn (if located at 
the patients bedside), while I remained with the medication trolley etc. in the ward clinical room.
8. The student was presented with each medication dosage calculation problem, or I.V. fluid 
volume or drop rate problem, as documented on the relevant prescription chart. Subsequently the 
student was provided with the relevant medication container, injection ampoule or I.V. fluid 
container; and a range of medicine cups, syringes of various capacity, and I.V. fluid 
administration sets of various design; and requested to select the appropriate administration 
device and to calculate the correct answer. Thus the medication dosage calculation problems, 
prescription charts, medications, and equipment utilised were authentic, and represented the 
actual problems that registered nurses in the relevant branch specific clinical areas were required 
to solve on a daily basis.
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9. Where a written computation was performed, the demonstrated method was recorded on the data 
collection sheet, and where the student computed the answer mentally they were requested to 
provide the logic underpinning their answer. Calculator use was not permitted during any part of 
the dosage calculation process.
10. Participants' performance during the clinical-based assessment was recorded on a data collection 
record sheet (see Appendix XXXVII). This consisted of five sections, representing the aspects of 
fundamental medication dosage calculation problem-solving potentially being assessed, i.e.,:
a) Conversions of S.I. Units
b) Calculation of tablet & capsule dosages
c) Calculation of liquid medicine dosages
d) Calculation of injection volume dosages
e) Calculation of intra-venous infusion volume and/or drop-rates
On completion of the assessment the student undertook an approximately one hour semi-structured 
interview, either in a quiet office on the ward, or in the college.
This chapter now continues with a statement, interpretation and discussion of the clinical-based 
results.
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Section 4.6 Statement, interpretation and discussion of the clinical-based results
This section commences with a tabular representation of the performances, and where appropriate 
the error types manifested by participants during the written assessments, compared with the 
respective performances and errors manifested by participants during the clinical phase of the 
investigation (see Figure 92). This is followed by a summary of the findings derived from the 
complete case studies illustrated in Appendices XXVIII to XXXVI. The section concludes with a 
series of general conclusions drawn from the results of the assessments undertaken during the 
clinical-phase of the investigation.
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Figure 92
A summary of the performance and errors manifested by participants during the written
assessments, compared with the respective performances and errors manifested by
participants during the clinical-based phase of the investigation
Errors committed during college and clinical 
based phases:
C = Conceptual
AO = Arithmetical Operation
Comp = Computation






























Unavailable for Testing 
Due to Sickness
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Summary of results during the clinical-based phase of the investigation:
Participant #13 was unavailable for assessment during the clinical-based phase of the investigation 
due to an exacerbation of a chronic health problem. However he did consent to be interviewed on 
return from sick leave. This resulted in eight participants being formally assessed during the 16 
week clinical-based phase. The order of assessment was dictated by the rotations decided by the 
college allocation department, which I had no control over. Hence effectively participants were 
assessed in the randomised order illustrated in Figure 93.
Figure 93







































Overview of the Results:
There were two major findings that emanated from the observation and clinical-based assessment 
period:
1. During the 16 week clinical observation and assessment period, all participants verbalised or, set 
the posed dosage calculation problems up correctly, and there were no conceptual problem- 
solving errors committed. This key finding indicates that:
» The schema for dosage calculation problems, that the participants had constructed during the 
period of college-based instruction had been retained up to 16 weeks post instruction.
2. However participants who committed arithmetical operation and computation errors during the 
college-based written assessments, without exception when presented with similar or identical 
problems, continued to re-manifest these errors during clinical-based dosage calculation 
problem-solving situations. This together with Finding (1) has two key implications:
* First, the premise that exposure to the 'Authentic World' learning environment assists novice 
learners to construct accurate schema for fundamental medication dosage calculation 
problems, is reinforced. Similarly the premise that where schema for arithmetical operation and 
computation problems are not well developed, that it lakes a more protracted period of time for 
such a construction to occur, is also reinforced.
* Second, performance and errors manifested on written medication dosage calculation 
assessments, following exposure to the combined 'Authentic World' learning environment, and 
teacher led didactic teaching strategies, are predictive of performance and error manifestation 
during clinical-based medication dosage calculation problem solving situations.
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Subsequently following exposure to the 'Authentic World' learning environment, these results 
suggest that in contrast to the findings of Fulton. & CWeill (1989), and Conti and Beare (1988), 
that:
a) Simultaneous exposure to iconic and symbolic features of dosage calculation problems does 
have a positive influence upon assisting construction of schema for fundamental dosage 
calculation problems.
b) Performance on written dosage calculation assessments, following exposure to education 
programmes based on constructivist strategies, are predictive of subsequent performance during 
clinical-based fundamental dosage calculation problem solving situations. Ultimately this 
facilitates diagnosis of students who are likely to commit errors in clinical practice, and further 
facilitates the mobilisation of support services to assist these novice learners to develop requisite 
schema for arithmetical operation and computation skills.
Subsequently in support of these findings this chapter continues with a thematic analysis of the post- 
clinical assessment interviews undertaken with the participants. Section 4.7 consists of illustrative 
data from both the observations made during the clinical assessments and the perceptions of 
participants regarding the college- and clinical-based experiences they were exposed to. Reference 
will be made throughout to the relevant case studies located in Appendices XXVI11 to XXXVI.
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4.7 Description, thematic-analysis and discussion of post clinical assessment
interviews, and a review of the 'student experience' during the investigation
The thematic analysis of the post clinical-assessment interviews was performed using a modified 
version of the technique described by Burnard and Wainwright (1995) and Burnard (1996). As 
described in Section 4.2 the semi-structured interviews centred upon eight key themes. 
Subsequently given the nature of the interviews, this effectively provided an initial thematic scheme 
for the analysis. However following an initial analysis of the transcripts, a further categorisation 
process was undertaken to ensure that each element of thematic text contained only one component 
of coded information. Figure 94 provides descriptors of the 16 item codes relevant to the eight 
themes, the corresponding categories contained within the thematic analysis, and examples of 
relevant key words and phrases derived from the interview transcripts.
Figure 94 
Semi-structured interview thematic analysis codes and categories
Code Category Examples of words & 
phrases derived from 
interview transcripts
IP Positive feeling toward mathematics 
before commencing the Diploma in 
Nursing Studies Program
I liked maths at school
IN Negative feeling toward mathematics 
before commencing the Diploma in 
Nursing Studies Program
I hated maths at school; I was 
useless at maths
1M Methods used in school for teaching 
maths
Blackboard; real life examples
1C Dependency upon use of calculators We used them all the time at 
school; my son uses them all 
the time; my heart sunk when 
1 realised that 1 couldn't use a
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calculator to work out the 
drug problems
1MA Experience of using mental 
arithmetic or written methods
For one part of the exam in 
school we couldn't use 
calculators
2PLT(W) Positive opinion of lesson and tutorial 
method when learning written (w) 
dosage calculations
I found it good for learning 
conversions
2NLT(W) Negative opinion of lesson and 
tutorial method when learning written 
(w) dosage calculations
It was all just numbers
8 3PAW(W) Positive opinion of 'Authentic 
World' learning environment when 
learning written (w) dosage 
calculations
It was really easy to 
understand the link between 
the photographs and the parts 
of the equation
3NAW(W) Negative opinion of 'Authentic 
World' learning environment when 
learning written (w) dosage 
calculations
I would have liked some more 
practice questions once I 
understood how to work out 
the problems
10 4PLT(C) Positive opinion of lesson and tutorial 
for preparing participant to perform 
dosage calculations in clinical 
practice
Helped more as revision on 
how to work it out
11 4NLT(C) Negative opinion of lesson and 
tutorial for preparing participant to 
perform dosage calculations in 
clinical practice
It didn't actually prepare me 
for what I did on the ward; it 
wasn't applied at all
12 5PAW(C) Positive opinion of 'Authentic 
World' learning environment for 
preparing participant to perform 
dosage calculations in clinical 
practice
The images stuck in my mind, 
so 1 already knew what I was 
looking for on the ward
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13 5NAW(C) Negative opinion of 'Authentic 
World' learning environment for 
preparing participant to perform 
dosage calculations in clinical 
practice
None
The CAL program should 
come before the lesson 
because........
14 6S Opinions regarding the optimal 
sequencing order of the lesson and 
tutorial; and the 'Authentic World' 
learning environment
Opinions regarding the requirement 
for a basic arithmetic program to be 
built into the Diploma in Nursing 
Studies Program
15 7BMP Yes...I think it would be 
useful to brush up on the basic 
maths I had forgotten
16 SMathA Perceptions and experiences of
mathematics anxiety prior to, and
following exposure to the medication
dosage calculation program. Where
on a scale of 1 to 5
1 = not anxious at all
5 = most anxious you could be
I think a 4 at the start....and 
now about a 2
The thematic analysis of the interview transcripts provided a rich source of material as evidence to 
support, or to probe for and expose weaknesses in the evolving theory that I have suggested in 
Chapters 1 through 4 of this thesis. Subsequently this section contains illustrative data from both the 
case studies and the thematic analysis to highlight the 'student experience' of the medication dosage 
calculation learning process. Where illustrative data and quotes are used, the participants 
pseudonym, number, and thematic analysis code are annotated for reference purposes, e.g., where 
considering a quote from 'Nicola' regarding a Positive opinion of the 'Authentic World' learning
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environment for preparing the participant to perform dosage calculations in clinical practice this 
would be annotated with:
[Nicola, #18,5PAW(C)]
I intend to develop this component of the thesis along two key strands:
1. The case studies provide a synopsis of the development of the nine participants who effectively 
acted as the key players in the analysis of the 'student experience'. This extends from the 
participants' performance during the numeracy assessment undertaken at selection, through the 
college-based phase of the investigation, and culminates in their performance during the clinical- 
based assessment. Each individual case study is detailed in Appendices XXVIII to XXXVI.
2. A collective analysis of the themes that emerged from the case studies and the semi-structured 
interviews. This is presented in the form of a dialogue as viewed through the verbalised 
perceptions of the participants. Ultimately these perceptions are used to both support and to 
expose weaknesses in the theory I have previously suggested.
Discussion:
A number of key points emerged from an analysis of the case studies, and observation of the 
participants during the clinical based phase of the investigation:
a) hi all cases, following exposure to the didactic lesson or the 'Authentic World' learning 
environment, Stage 1 written assessments indicated that the participants improved their previous 
performance during the numeracy assessment undertaken at selection. However as demonstrated 
in Chapter 3, those participants assigned to Group X ('Authentic World' learning environment) 
attained significantly higher mean scores than their counterparts in Group Y (didactic lesson and 
group tutorial).
b) There was some evidence of integration of cognitive style in mathematics (CSM) methods. Of 
interest was that Lisa, #4, who had manifested a grasshopper style during the assessment of 
CSM, with one exception solved all the clinical based problems using a pencil and paper
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technique. Conversely Susan, #18, who had manifested an inchworm style during the assessment 
of CSM, with one exception solved all the clinical based problems mentally. It is not clear why 
this 'switching' of methods occurred, however as will be discussed presently all 9 participants 
expressed very strong opinions regarding the importance of 'imagery' in their schema 
construction.
c) In respect of constructivist theory there was clear and objective evidence that following the Stage 
2 assessments and exposure to the 'Authentic World' learning environment, that the construction 
of schema for medication dosage calculation problem solving skills transferred to clinical 
practice. In essence all eight participants who were assessed in clinical practice demonstrated 
clear familiarity with prescription charts, tablets, capsules, liquid medicines, injection ampoules, 
medication containers, syringes, and intravenous infusion fluids and administration sets. 
Moreover all participants demonstrated evidence of accurate schema for setting-up medication 
dosage and intravenous infusion rate equations correctly. Subsequently during a total of 97 
individual medication dosage calculation problem solving situations, observed throughout the 16 
week 'window' period, there was no evidence of any conceptual problem-solving errors.
d) Four participants committed a total of 6 errors (3 arithmetical operation and 3 computation 
errors). Given the opportunities for error, this indicated a 6.18% error rate in clinical practice. 
However of critical note, and as I have stated previously, following exposure to the combined 
'Authentic World' learning environment and didactic lesson, the written assessments were 
predictive of these errors which subsequently transferred to practice.
Ultimately at an objective level these results indicated that the incorporation of the 'Authentic 
World' learning environment into the medication dosage calculation programme, provided a 
powerful tool for both assisting in schema construction, and as a predictor of performance in 
clinical nursing practice.
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However at this point I could only speculate as to how and why the 'Authentic World' learning 
environment and/or the didactic lesson had impacted upon schema construction. Hence I will now 
turn to a thematic analysis of the 'student experience', as manifested during the post clinical 
assessment semi-structured interviews.
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A thematic analysis of the 'student experience' during the fundamental medication dosage 
calculation programme
This analysis is centred upon the eight key themes introduced earlier in this chapter. Each theme is 
considered separately and is illustrated with extracts of the verbatim perceptions of the participants. 
Where appropriate both the observations I made during the clinical based assessments and the stated 
perceptions of the participants will be used to support, or to probe for and expose weaknesses in the 
evolving theory that I and other contemporary constructivist thinkers have suggested.
Theme: Participants perceptions of mathematics prior to commencing the Diploma 
in Nursing Studies Programme (Code(s): IP and IN)
The participants' perceptions of mathematics prior to commencing their nursing studies were 
predominantly but not exclusively negative. A common perception was 'I'm hopeless at maths' or 
'I hate maths'. However a number of participants expressed reasonably positive perceptions of the 
subject. In particular, Ruth a 43 year old mature student stated that:
It's a subject I've always enjoyed, I enjoy taking away a problem and messing around 
with figures until I've solved the problem
[Ruth, #2, IP]
Younger students commonly related their perceptions of mathematics to the personalities of their 
school teachers. Nicola, a 19 year old student stated that:
Um...well I use to hate maths in school because I could never do it properly...but I 
don't think that I was taught properly...then in the fourth year...no in the beginning of 
the fifth year I had a maths teacher for GCSE...and he was absolutely lovely...he was 
Mister Hodge...and he was brilliant...and he was really good and he'd explain 
everything so well...and then I passed my maths...and I got a B
[Nicola, #11, IP]
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However in contrast the majority of the participants expressed rather more negative views of 
mathematics. Most comments centred upon a general dislike of the subject, however a number of 
students admitted to experiencing difficulties with fundamental arithmetical operations. For 
example Susan, a 26 year old student admitted that:
I didn't like it...in school I was quite weak at maths, some of the things I 
understood...and 1 enjoyed doing them, and then some things like fractions and things 
like that......I could never get a grasp of...and when I came for interview and I had to do
the maths test on the interview day I was aweful nervous...cos I didn't have a clue...and 
I was rushing as well cos I was nervous...but that wound me up, that did...thinking that 
I had to do maths (nervous laughter)
[Susan, #18, IN]
The perception that the role of a nurse does not involve the use and application of mathematics had 
been suggested two and half decades ago by Tobias (1976, 1978), who reported that women chose 
careers in nursing because they feared number manipulation. However more recently Hilton (1999) 
reported that some nursing students actively targeted schools of nursing where it was known that 
mathematics was not an entry requirement. Moreover despite the increasing representation of 
nursing by the media, as a profession which both operates at the cutting edge of health care, and 
requires highly skilled practitioners, there remain some very naive ideas among novice students. For 
example Rachael, a 19 year old student stated that:
I didn't even think that we needed to really do any maths...! didn't realise that we 
needed to do medication dosages...! just presumed that what would be on the trolley on 
the wards would be just what we gave out...and we didn't have to work it out...it was a 
bit of a shock really
[Rachael, #12, IN]
Negative perceptions toward mathematics were also closely linked to the 'way' in which 
participants perceived they had been taught by their school teachers. Kerys a 21 year old student 
stated that:
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When I was in primary school I was quite good at maths...and then when I went to 
secondary school 1 was in the first set for maths...and I was really good at it...and then I 
had a new teacher...and I just went down hill at it...because I just couldn't get the way 
that I was being taught.
[Kerys, #19, IN]
Given the constructivist approach I have adopted throughout this thesis, I was particularly interested 
in exploring the teaching methods the participants had been previously exposed to. This was to act 
as a precursor to identifying their perceptions regarding the use of calculators, and of the two 
teaching strategies utilised during the college based phase of the investigation.
Theme: The methods used for teaching mathematics in school (Code: 1M)
The responses of the participants strongly suggested that with only a few exceptions, the teaching 
methods used in secondary schools centred predominantly upon transmission models. Participants 
spoke of use of the blackboard, workbooks, tutorials and occasionally reference to iconic features to 
illustrate fractions of a whole. Steven a 26 year old student stated that:
They used both...real life examples as well...objects...you know...l mean in primary 
school they used objects and numbers...and then in secondary school it was more 
formula...you know?
[Steven, #13, 1M]
Clearly the use of a model that employs symbolic representation with little to no reference to 
relevant iconic features assumes that individual pupils have progressed to the Stage of Formal 
Operations described by Piaget (1970, 1983). Moreover the strategies that the participants had been 
exposed to, appear not to have changed markedly during a two and a half decade period. For 
example Ruth, a 43 year old student who demonstrated an intermediate CSM, claimed that:
As I remember it was quite abstract...! can picture the x...y's...but it's going back a 
long way now remember (laughter)...because I think you and 1 are about the same age
[Ruth, #2, 1M]
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Similarly Lisa, a 19 year old student who demonstrated a grasshopper CSM, claimed that:
They just used numbers and things like that, they didn't give real life examples....not 
that I can remember anyway...no just numbers...you know...on the blackboard and in 
workbooks and things...Um...well it was working things out as well...like when we 
used to do things like x equals y and equations really...they confused me
[Lisa, #4, 1M]
hi respect of schema construction, such claims that the use of mathematical abstractions lead to 
'confusion', tends to support the reported findings of Denvir et al (1983); who reported that during 
a study of the stages of intellectual development that pupils in secondary school had reached, that at 
age 15 only a small proportion of their sample had reached Piaget's stage of Formal Operations. 
Moreover Bath and Blais (1993) have suggested that learners manifesting a grasshopper style would 
prefer to visualise the 'concrete' elements of the problem. Subsequently the use of transmission 
methods that solely employ teaching via mathematical abstractions may disadvantage students who 
have yet to fully evolve to the stage of Formal Operation thinking, or who manifest a predominantly 
grasshopper CSM. My own findings reported in Chapter 3 suggested that irrespective of the 
manifested CSM, the construction of schema for unfamiliar problems was strongly influenced by 
exposure to iconic and symbolic representations of that problem. I will fully explore the participants 
perceptions of this idea presently, however as an introduction to this theme there was evidence that 
some participants failed to recognise the application of mathematical abstractions in the absence of 
concrete examples. For example Kim, a 21 year old student stated (of the methods used in school) 
that:
It was all things like trigonometry, and all things like that...well 1 don't think its very 
necessary for modern day use really. I mean you don't sit around thinking...oh I 
wonder how 1 can use trigonometry to work out the length of a side of this triangle. I 
think schools should listen to what Tony Blair is saying and go back to basics...because 
my basic maths is just not very good at all...from school
[Kim, #22, 1M]
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This lack of recognition regarding the application of mathematical orientations to the solving of 
'real life' problems not only creates a theory practice divide for school leavers, but also has 
implications for setting a foundation in medication dosage problem solving for novice nursing 
students. This will be explored presently, however I will first present the participants' perceptions 
regarding use of calculators and mental arithmetic skills.
Theme: Dependency upon the use of calculators and experience of using mental 
arithmetic (Code(s): 1C and 1MA)
The use of calculators remains contentious at all levels of education strata. As discussed previously, 
prior to this research project there had been a strong suspicion at the study site that there was a 
relationship between calculator use and the manifestation of conceptual errors. This belief was 
compounded by the reported findings of Shockley et al (1989), who quite clearly concluded that 
there was a relationship between calculator use and the manifestation of conceptual errors. More 
recent findings by Hutton (1998) began to cast doubt upon such an unequivocal relationship, and as 
discussed in Chapter 3 my own findings suggested that in the absence of calculator use there 
remains a clear relationship between sole exposure to transmission methods and manifestation of 
conceptual errors. Clearly further research is required to clarify these relationships, and 1 will 
address this in the recommendations section of the final chapter. However distinct from the problem 
solving element of arithmetic, there remains the requirement for development of computation skills, 
that need to be employed once the equation has been set-up correctly. To this end 1 wanted to 
explore the participants' prior experiences of calculator use, and their perceptions of not being 
permitted to use calculators during written and clinical based assessments.
The thematic analysis clearly demonstrated a dichotomy between the one mature participant (Ruth) 
and the younger participants, both in respect of prior experience of calculator use, and perceptions
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regarding not being permitted to use calculators during assessments. When questioned regarding use 
of calculators in school, Ruth a 43 year old student stated that:
No...I mean I can never imagine being allowed to use calculators in school...because 
when my elder son went through school I was amazed that he was allowed to use a 
calculator...you know rather than work things out...that's how I can sort of identify the 
difference...and now he's hopeless at sort of homing in on what a reasonable answer 
should be...and I can see that with him...To me calculators are just like a checking 
tool...you should use both...you know...I don't think you should use them instead of 
mental arithmetic or pencil and paper...because you need to fully understand the whole 
picture.
[Ruth, #2, 1C]
Subsequently when questioned regarding her perceptions of not being permitted to use calculators, 
Ruth stated that she was:
...not bothered at all [Ruth, #2, 1C]
In contrast the responses and perceptions of the younger students were very different. When 
questioned regarding what calculators were used for in school, Nicola, a 19 year old student stated 
that:
We used them for everything really...they used to have calculators in school...and 
you'd just get one at the beginning of the lesson...or just get your own...and most 
people had their own....then you had to use a calculator in your exam...because they're 
all centered around that now aren't they...and knowing how to use your calculator 
properly.
[Nicola, #11, 1C]
Similarly, Karen a 19 year old student stated that:
...Oh well...everything really...cos I can remember using calculators even in primary 
school...and really I suppose like I was depending on them too much...and we sort of 
had a box of calculators at the back of the class, and we used them for 
everything...even simple little things that I knew I could do...like addition, subtraction, 
multiplication and things that I know that I could do like on a piece of paper...but it 
would take me longer...so I thought it would be quicker to use the calculator.
[Karen, #17, 1C]
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However there was evidence of use of written strategies being required in schools. For example, 
Steven, a 26 year old student when questioned regarding whether he had been permitted to use 
calculators in school stated that:
Yes and no...we were allowed to use them for working out Pi and things...geometry 
and trigonometry...but not for simple equations...no...if it wasn't a difficult question 
we used pen and paper.
[Steven, #13, 1C]
Nevertheless when probing Steven's perception of what he perceived as being a 'difficult' question, 
he stated:
...I suppose long division...Yes I have problems with long division...! find it hard to 
work out
[Steven, #13, 1C]
Subsequently Steven admitted that if he had been posed with a long division problem while at 
school he would have used a calculator to compute the answer. This finding was typical of many of 
the responses provided by the younger participants, and the degree of dependency upon calculators 
that had been generated while at school is best illustrated by participants responses, to being told 
that calculator use was not permitted in dosage calculation assessments. Susan, a 26 year old 
student stated:
...Oh shit...oh sorry...I mean for me maths is hard enough with a calculator...so you 
know...I mean I only just scraped through the maths entry test...so 1 wasn't 
chuffed... then 1 mean
[Susan, #18, 1C]
A very common theme that emerged in this section of the interview was that of anxiety and panic. 
When responding to this question, Lisa, a 19 year old student hinted at her perception of the 
difficulty of the dosage calculation programme, given that she could not use a calculator:
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I thought...Oh my god (nervous laughter). ..I panicked (laughter)...Because... 
Urn...well I didn't know how complicated it was going to be...you know you haven't 
got nothing to fall back on...at least with a calculator you can check to see if you got it 
right... even if you didn't use it to get the original answer...you could always fall back 
on the calculator...and check it...but because you weren't allowed to use one it was 
like...(nervous laughter)...and because drugs and things are such a serious thing...if you 
give the wrong amount...you know...I panicked...! was anxious.
[Lisa, #4, 1C]
However despite initially questioning the validity of having to compute answers in the absence of a 
calculator, there was recognition by Nicola, a 19 year old student, of the rationale underpinning this 
decision. She stated:
...oh my god...I don't know...well I thought well they use them on the ward...so why 
can't we...but I understand now that you need to be able to work it out to know 
whether it sounds right or wrong....and that type of thing...! mean 1 knew I could do it 
but 1 thought I'm going to have to really go over it again...because I couldn't have done 
it straight off...in my head.
[Nicola, #11, 1C]
Despite the dependency upon calculators suggested by many participants, GCSE mathematics 
programmes and examinations do require candidates to compute some sections using written and 
mental arithmetic strategies. GCSE mathematics curricula consist of three tiers and three associated 
examination papers: higher, intermediate and lower. The degree of calculator usage varies between 
the three curricula being followed and this was reflected by the comments of many of the 
participants. For example Nicola stated:
...there was two papers...and on the first paper...you had about three questions and you 
had to estimate...and you weren't allowed to use the calculator...so you had to do your 
workings and how you worked it out and everything...and it was like long division and 
multiplication... and all stuff like that...so there were about three or four questions at the 
most where you worked them out...and then the rest then you used a calculator on.
[Nicola, #11, 1MA]
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Other students had experience of using written and mental arithmetic methods by virtue of work 
experience gained since leaving school. For example, Steven a 26 year old student had used such 
methods in the armed forces. He stated that:
Yes...because 1 did gunning...where you use lots of numbers in optic sights and 
calculating the distance and trajectory to the target.
[Steven, #13, 1MA]
Ultimately as illustrated in Chapter 3 and Chapter 4, many students initially experienced difficulties 
when computing answers to a wide range of fundamental arithmetical problems. However following 
exposure to a combined 'Authentic World' learning environment and didactic lesson, all conceptual 
errors were eliminated, and this revealed the arithmetical operation and computation errors that in 
many cases had been previously obscured. Subsequently it became clear that the construction of 
schema, particularly for division of integers and conversion of fractions to their decimal equivalents 
took a more protracted period of time for a proportion of students to achieve. As previously 
illustrated these errors transferred to practice, and hence the design and use of a diagnostic 
framework is clearly extremely useful in both predicting which students were likely to commit such 
errors, and in stimulating early mobilisation of support networks to assist the development of 
requisite schema.
Nevertheless high proportions of participants achieved 100% on the written assessments, with 
demonstrated transfer of this skills level being subsequently manifested in clinical practice. In the 
following two sections I will illustrate the participants perceptions of the efficacy of the didactic 
lesson and the 'Authentic World' learning environment, in assisting participants to develop requisite 
schema for undertaking written medication dosage calculation assessments. This acts as a precursor 
to an analysis of participants perceptions of the efficacy of the two strategies in preparing them for 
undertaking medication dosage problem solving in clinical practice. Where appropriate I will 
suggest how these perceptions support or contradict the theory I have suggested.
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Theme: Positive and negative opinions of the efficacy of the didactic lesson and tutorial 
for learning written medication dosage calculations (Code(s): 2PLT(W);
2NLT(W))
There was almost unanimous agreement among the participants (eight from nine) that the didactic 
lesson and group tutorial assisted them to develop schema for converting S.I. Units of weight and 
volume. For example Karen, a 19 year old student, when comparing the efficacy of the two 
strategies stated that:
...Urn...well to begin with I was all right with the conversions of the units...! felt quite 
confident before about that. No so well both of them helped with that., .and so no...they 
were both the same...one wasn't better than the other.
[Karen, # 17, 2PLT(W)]
However other students who had been exposed to the 'Authentic World' learning environment first, 
suggested that generally while the lesson assisted with constructing schema for conversion of S.I. 
Units, that they tended to ignore much of the other content of the lesson. For example, Ruth stated:
I don't honestly feel that I gave the lesson my full attention...because of fear of being 
confused...I honestly did try at certain stages and with the conversions I found them 
equally as informative...because in the lesson there were things coming on the board 
that I thought Oh...fancy that...that's why that is...
[Ruth, #2, 2PLT(W)]
Similarly Susan stated:
...I felt confident after using the program...and then I had to just shut off my mind in the 
lesson...cos he was confusing me...with all those numbers...in the formula you know... 15 
over 60 and 20 over 60 and all that.
[Susan, #18, SPAW(W)]
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One participant who had been exposed to the lesson and tutorial first, suggested that the strategy 
had assisted with learning to pass the test but was limited beyond this. Kim stated:
...Yes it did sort of prepare me...cos that's what the paper is, isn't it...I mean written 
questions that you've got to work out using a formula. But it was just the numbers 
though....you couldn't relate it to anything...that was the only thing...it was OK for 
doing the test, but not for what we did on the ward.
[Kim, #22, 2PLT(W)]
This perception of the lesson and tutorial being 'just numbers', was widely expressed among the 
participants. For example Ruth stated that:
I think that in the lesson it was just numbers for numbers sake...as opposed to what we 
really needed the numbers for...to be honest I couldn't even understand the formula in 
the lesson...even that was of no relevance...it just didn't click with me.
[Ruth, #2, 2NLT(W)]
This problem of recognising the relevance of the lesson and understanding the formula, that was 
expressed by Ruth, was commonly voiced by most of the participants. For example Lisa who 
manifested a grasshopper CSM stated that:
Well the first lesson I went to...I came out feeling...Oh my god I won't be able to do 
this...cos I didn't really understand the way he was teaching at all...I didn't really get 
it...and I went home and I was asking my mum to see if she knew...and asking my 
brother...and I was asking my family to see if they knew how to work it out...and they 
didn't...and I was like panicking...! thought Oh my god...I'll never be able to do this. 
And then when we went back to the tutorial he gave us the answers to the 
worksheet...and he went through how to work them out...which 1 found again quite 
complicated...but after having the answers and taking them home...I kinda worked out 
my own way...you know...my own method...! felt that he went the long way around it, 
where as...like urn how can 1 explain...well if he hadn't given us the answers in the 
tutorial I wouldn't have been able to do it...! had to have the answers to know how to 
work around it, and to check that my method-worked...] worked out my own little way 
of doing it...cos he sort of did it back to front and it confused me...! sort of went back 
to the way 1 used to work things out in school...because well...especially the l.V. 
infusions...that totally confused me...the way he did it...um I just didn't understand it at 
all...its like 1 said he went around it the long way...but with the computer program I 
found it a lot easier cos I could see it.
[Lisa, #4, 2NLT(W)]
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This problem of relevance and of failing to understand the methodology, that was expressed by Lisa 
tends to support the views of Bath and Blais (1993), who suggested that individuals manifesting a 
grasshopper CSM are best supported by exposure to concrete materials and seeing the 'whole 
problem'. Conversely these authors also suggest that individuals manifesting an inchworm CSM are 
best supported by exposure to the step by step formulaic methods typified within the lesson. 
However Rachael who manifested an inchworm CSM, when commenting on her perceptions of the 
lesson also stated that:
I found it really complicated...because the way...l don't know I've got this way in 
my head...a different way of knowing how to do something and it just confused me 
completely...! didn't understand what he did...and it came to the test and I didn't 
know which formula I was doing...I didn't really understand the way he was doing 
it...The third part...you know with the infusions...! didn't understand what he meant 
when you have 15 mis and 20 mis...it just went over my head...there was too much 
information to sink in.
[Rachael, #12, 2NLT(W)]
Hence there was evidence to suggest that individuals manifesting cognitive styles which appear at 
the polar ends of the CSM continuum, appeared to experience substantial difficulties in constructing 
requisite schema for medication dosage calculation problems, following sole exposure to the lesson 
and tutorial. These perceptions support the findings that I have previously presented for Group Y, 
during Stage 1 of the college based investigation. However of interest, is that Lisa who manifested a 
grasshopper style appeared to analyse and 'reverse engineer' the answers to the problems, and to 
construct her own methodology for problem solving. Ultimately this tends to support the 
observations reported by Bath, Chinn and Knox (1986), who suggested that individuals manifesting 
a grasshopper style tend to analyse, reorganise and simplify problems during the problem-solving 
process.
I will fully consider the participants' perceptions regarding sequencing of the two strategies 
presently. However as an introduction to this 1 will present the perceptions of the participants from
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Group X, who were exposed to the lesson and tutorial following initial exposure to the 'Authentic 
World' learning environment. For example Susan stated that:
...but if I'd had that (the lesson) first I wouldn't have understood what he was talking 
about...because I had the computers first, I found that a lot easier to understand than the 
way he was explaining it...I couldn't work it out his way....even on the test, when it 
came to his test, I still used the computer way to work out the answers...! couldn't use 
his formulas. He taught it well...but it was just...that the way he taught it seemed more 
complicated than the computer way...I mean with the computer I could look at the 
pictures and I could understand what to do...but he had numbers like...prescribed dose 
over volume and things like that...and that lost me then...whereas having it in pictures 
and figures...! could understand it...I don't know why...I could just understand it...it 
was obvious.
[Susan, #18, 2NLT(W)]
This perception of not understanding the relationship between iconic features, words in the 
formula and numbers in the equations was described by one participant as a 'gap'. Ruth 
stated that:
I was easily confused in the lesson in bringing it to the relevant issue...you know to 
work out what it was all about....which was dosage calculations...The gap was too 
big....there was definitely too big a gap...and you could see that it wasn't just 
myself...there were blinkers coming up with lots of people...! mean 1 enjoy figures...but 
bringing it together as a whole I found very difficult...because I'd lost the plot.
[Ruth, #2, 2NLT(W)]
Subsequently in developing the theme of how participants perceived that they ultimately constructed 
schema for medication dosage problem solving skills, this idea of 'closing the gap', described by 
Ruth, was to become a common feature of participants perceptions regarding the efficacy of the 
'Authentic World' learning environment.
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Theme: Positive and negative opinions of the efficacy of the 'Authentic World' learning 
environment for learning written medication dosage calculations (Code(s): 
3PAW(W); 3NAW(W))
The participants were unanimous in their perceptions that the 'Authentic World' learning 
environment had assisted them to develop requisite dosage calculation problem solving skills. Ruth 
explained that:
It simplified the problem...and made it very relevant...The appropriate parts were 
highlighted basically...it sifted off all the stuff that we didn't really need to know 
about...I mean the formula on this was relevant...like the ones we did in the clinical 
area...the formula will always stay with me after doing this...(7/ was relevant) to what 
we were going to do...to the job we are going to do...I mean which is to administer the 
correct amount of drug...from what we've been told to administer by the doctor...! 
think what the pictures do is to bring it down to reality.
[Ruth, #2, 3PAW(W)]
The perception of iconic features in the form of digital photographs somehow 'having relevance' 
was further developed by Lisa, who explained that:
...I thought it was really good because it was showing you the drugs...the pictures were 
showing you the drugs....and the labels on the bottles...so you knew what it was all 
about... whereas where you just had the figures...you didn't have any idea really of what 
it was going on about....but with the computer program you had the I.V. bags...and the 
different medicine bottles...and the syringes...so it actually shows what the sums were 
about...rather than just having the figures.
[Lisa, #4, 3PAW(W)]
Subsequently Lisa went onto explain how she perceived that the 'Authentic World' learning 
environment had assisted her to construct her schema for dosage calculation problem solving skills:
...Well...I suppose it's just a mental thing...cos when you see numbers you just tend to 
panic...but when you see things that explain what the numbers are about...you tend to 
think well...it's hard to explain really...um...it kind of gave more information in a 
way...of how to work it out...and what 1 was looking at...well with the lesson I didn't 
really know what he meant by prescribed dose and the dispensed dose...l just didn't
366
know what he was on about...but having the pictures you saw the doctors prescription 
chart saying what the prescribed dose is...you had the bottle which was giving you the 
dispensed dose...and how much it was contained in...tablets or whatever...so it gave 
you more information...and it made the sum easier in a way.
[Lisa, #4, 3PAW(W)]
Similarly Kim explained that:
...I think that because I have so much trouble with maths and just pen and paper. You 
know it's like seeing...I think that it's like children...you know...you have two apples 
and two apples and that's four apples...rather than just two sets of numbers. I think that 
with seeing things it helps a lot more...It helped me more than seeing numbers and 
formulas on the board. Because you're watching on the computer, and you've got the 
tablets and the syringe and things, and it just made it seem more real than just 
numbers...so that you could actually see that you were drawing up 2 millilitres of 
whatever...and I found it really helped me...I think that it made it more real, rather than 
just numbers on paper.
[Kim, #22, 3PAW(W)]
hi terms of initial schema construction these perceptions illustrate the importance of 'modelling' the 
essential iconic features of dosage calculation problems (Collins et al 1989); assisting the 
development of an iconic mode of representation (Bruner 1975, 1978); and promoting a semantic 
connection between words, mathematical abstractions, and relevant iconic features situated in 
clinical practice (von Glaserfeld 1987).
Continuing with this theme, I was interested in exploring the participants' perceptions of whether 
they were able to close the 'gap' between words used in formulae, the associated numbers located in 
equations and the iconic features they represent in clinical practice'; i.e., was there evidence of 
bridging the theory-practice gap. Many students struggled to find the words they wanted to use to 
express their feelings. However the following extracts provide examples of the schema construction 
process that these students were attempting to verbalise. Nicola stated that:
...with the computer program you could see the actual prescription and what it said on 
there and everything...so you were putting it all together in your mind but in a different 
way...so you knew why you were doing it...where as the lesson is just numbers and it's 
not really got any meaning...Ahh.. .(the lesson) was just like a maths lesson...but the 
computer program is more linked and you know what you're doing...and you can
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imagine it more...it was...I know what I want to say but I can't explain...instead of just 
using numbers...when you think oh there's boring isn't it...if you see different things 
like the prescription sheet linked to the number in the formula it's easier...Because you 
can see it in a different way...(laughter)...Urn.. .well with the computer program you 
can see why you're doing it.../f is though...that's what it is...that's what it 's like in real 
life on the ward...(laughter).
[Nicola, #11, 3PAW(W)]
When prompted to explain what she could 'see' in a different way, Nicola explained that:
...Well when you see the prescription is here (tracing the arrow from the prescription 
chart to the relevant number in the equation)...and all the rest of it (tracing the tablet 
container and the tablet to the relevant numbers in the equation)...so then when your 
working it out in the exam and on the ward you can picture this more then...rather than 
it just being numbers.
[Nicola, #11, 3PAW(W)]
Similarly Steven explained that:
...It was more real...than just seeing numbers in front of you...you could actually relate 
to drugs...and it made it more real...and like I said it sticks in your mind...the pictures 
stick in your mind...and how they link with the numbers.
[Steven, #13, 3PAW(W)]
Kirn who experienced particular difficulties during the lesson suggested that:
...You know the computer program gives you the tutorial and you're shown the 
drips...and it kept reinforcing the images with numbers...and then it shows you how 
many drips per minute...and it just triggers something and makes you remember more. 
Rather than just the confusing formula and things in the lesson.
[Kirn, #22, 3PAW(W)]
While Karen suggested that in common with other students that she tended to ignore the lesson 
content, having been exposed to the 'Authentic World' learning environment first:
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I find the method in the computer program quite easy to remember...and I thought why 
do another method and learn another one when I find this one ample...the presentation 
of it helps you to remember it...and all the bright colours, and the way that the actual 
injections and the tablets on the screen just sticks in your mind...because it's different 
from just figures...which don't stick in your mind...because you can have numbers 
standing for anything...but this is something real...you know...and the layout of it as 
well.
[Karen, #17, 3PAW(W)]
These perceptions suggest that the participants benefited from the 'coaching' phase of the cognitive 
apprenticeship process (Collins et al 1989), and the associated 'scaffolding' nature of the colour 
coded links between the iconic and symbolic features. However it appeared that the participants 
continued to recall, that is 'mentally visualise' and draw upon these semantic links between iconic 
and symbolic features during the written assessments; even though the 'real' physical entities or 
'concepts' were not actually present in their immediate environment. Ultimately this suggests that 
certainly at this stage of schema construction, that these participants were experiencing a transitory 
phase between what Bruner described as the iconic and symbolic modes of representation. 
Subsequently it appears that the process they were describing was more closely approximated to the 
theory suggested by von Glaserfeld (1989).
von Glaserfeld distinguishes between two types of abstraction: 'empirical abstraction' and 
'reflective abstraction', von Glaserfeld uses the term 'empirical abstraction' to characterise the 
abstracting of figural patterns from sensory-motor experience, whereas he describes 'reflective 
abstraction' to indicate a further level of abstraction that uses the results of empirical abstraction and 
other operations as raw material. Hence empirical abstraction occurs when, following exposure to 
some specific sensory content of experience, the experiencing individual (subject), combines 
perceptual and proprioceprive elements into more or less stable patterns. Thus von Glaserfeld 
suggests that:
...These patterns are constituted by motion, either physical or attentional, forming 'scan 
paths' that link particles of sensory experience. To be acrualised in perception or 
representation, the patterns need sensory material of some kind, but it is the motion
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(linking - my italics), not the specific sensory material used, that determines the patterns' 
character. Because of this dependence on some (unspecified) sensory material and 
motion, they are called figured patterns (von Glaserfeld 1989, p.284)
However von Glaserfeld suggests that empirical abstraction acts as a precursor to reflective 
abstraction:
...Reflective abstraction, on the other hand, takes place when the experiencing subject 
attends only to menial operations and abstracts them from whatever sensory-motor 
context that may have given rise to them. Numerical concepts...are stripped of all 
sensory-motor properties and, therefore, necessarily involve reflective abstraction (von 
Glaserfeld 1989, p.284).
von Glaserfeld's definition of 'concept' is closely aligned with the verbalised perceptions of these 
novice students, as they struggled to describe what effectively was their experience of schema 
construction. The students continued to emphasise how following exposure to the 'Authentic 
World' learning environment that the 'picture's stuck in their mind' (even though in the written 
assessments they were only presented with word problems). This I believe is a critical step in the 
schema construction process, which has been clearly highlighted previously by von Glaserfeld, who 
notes that:
I want to emphasise that "representation" in the constructivist view never refers to a 
picture of an experiencer-independent "outside" world; instead it is intended literally to 
indicate a re-construction of something that has been constructed at some prior 
experiential situation. Also the word "concept" must not be understood in the way in 
which it has been frequently used by learning psychologists, i.e. as referring simply to 
a perceptual dimension such as colour, shape, size, etc.; instead "concept" refers to any 
structure that has been abstracted from the process of experiential construction as 
recurrently usable, for instance, for the purpose or relating of classifying experiential 
situations. To be called "concept" these constructs must be stable enough to be re­ 
presented in the absence of perceptual input' [von Glaserfeld 1989, p. 282]
Note that from a constructivist standpoint, that when discussing our understanding of the 'meaning' 
of tangible concepts, von Glaserfeld places a key accent upon the essential importance of not 
'representing' but rather 're-presenting' that construct to oneself in the absence of perceptual 
input. For example in the absence of iconic (visually tangible) stimuli from the experiential field
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(environment), evidence of having 'learned' the meaning of the concept requires that the individual 
continue to re-present to him/herself the requisite imagery or referent of that concept - for example 
whenever he or she sees a word or symbol that represents the concept. In terms of the 'Authentic 
World' learning environment, 1 am suggesting that this process was facilitated and accelerated by 
scaffolding, in the form of colour coded links between the mathematical abstractions (numbers) 
located in the equation, and the digital photographs (which represent actual features of medication 
dosages situated in clinical practice).
Ultimately both Bruner's and von Glaserfeld's theories go some way to explaining the very striking 
dichotomy in perceptions reported by participants when explaining the great difficulties they 
experienced in understanding the lesson content (where for most participants little to no semantic 
links had been forged); and the almost simplistic ease with which they understood the content of the 
'Authentic World' learning environment. In support of this premise, all participants reported that the 
'Authentic World' learning environment assisted them to a much greater extent in learning 
(constructing requisite schema for), tablet and capsule, liquid medicine, injection, and I.V. infusion 
rate problem solving skills.
However given that nursing is a practice based profession, I wanted to explore the participants 
perceptions regarding whether the lesson and tutorial, and/or the 'Authentic World' learning 
environment had prepared them to perform medication dosage calculation problem-solving in 
clinical practice. Subsequently this formed the next stage of the interview schedule.
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Theme: Positive and negative opinions of the efficacy of the didactic lesson and tutorial 
& the 'Authentic World' learning environment in preparing participants to 
perform medication dosage calculation problem-solving in clinical nursing 
practice (Code(s): 4PLT(C); 41NLT(C); 5PAW (C); 5NAW(C))
The general perception of the participants was that the lesson and tutorial had not prepared them to 
perform medication dosage calculation problem-solving in clinical practice. Of those participants 
who commented on this aspect, Ruth stated:
No...I don't think it did Keith...not just the lesson...! wouldn't have felt confident 
having come away from the lesson...
[Ruth, #2, 4NLT(C)]
Lisa explained that:
I think the lesson did help me...but it didn't actually prepare me for what we did on the 
ward...
[Lisa, #4, 4NLT(C)]
While Susan concluded that:
The lesson didn't but the computer program did...yes definitely.
[Susan, #18, 4NLT(Q]
Conversely the participants were unanimous in their verbalised perceptions that the 'Authentic 
World' learning environment had prepared them to perform medication dosage calculation 
problem-solving in clinical practice. Susan continued to explain why she perceived that this strategy 
had prepared her:
...Cos urn...I could see on the bottles...how many milligrams the tablets were in...and 
the prescription chart was on the side...and 1 could see what the patient required...and 1 
could see the bottle....and 1 could work them out in my head...I knew where to 
look...and 1 already knew what it looked like...and 1 knew where it would be...having
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done the computer program it was the same here on the ward as on the screen...you 
know I could see it.
[Susan, #18, 5PAW(C)]
Similarly Kerys perceived that the 'Authentic World' learning environment was very similar to 
authentic experience:
...Because looking at the computer program and being on the ward is more or less the 
same...Looking at the drug chart and the tablets and the medicine bottles...so this was 
more realistic...and these sort of stick in your mind...but just numbers on paper don't 
really mean anything...or mean much to me anyway...but this means a lot more.
Lisa added that she felt that this was the biggest difference between the two teaching strategies:
I think the computer program prepared me...because of seeing the drugs and the 
doctors prescription chart on the computer...! knew what I was looking for and what I 
was looking at on the ward...but I suppose if I went and I'd just had the lesson I think I 
would have been totally thrown...because after that I didn't know what I was looking 
for...or what a prescribed dose was...or what a dispensed dose was...but because I saw 
the pictures on the computer program it did prepare me to know what to look for on 
the ward...and I think that was the biggest difference between the two...cos 1 knew 
what I was looking at...because I'd seen it on the screen...so 1 knew exactly where to 
look on the doctors sheet for the prescribed dose...and to look at the medicine bottles 
for the dispensed dose and the mis it was contained in...you know...but if I'd just had 
the lesson I wouldn't have known what the prescribed dose was...and I could have been 
looking at the bottle thinking that's the prescribed dose...like...you know.
[Lisa, #4, 5PAW (C)]
Similarly Nicola highlighted the key differences between the two strategies, and the importance of 
having previously constructed visual schema for the prescription charts and medication containers 
etc.:
...Well learning it in the classroom is just the numbers...so 1 think it would have been 
more difficult not knowing what the prescription chart and things looked like...but 
having the pictures on the computer program helped me become familiar with what 
they looked like...because that's really good (pointing to the photograph of the label 
on a Calpol bottle)...and it shows you exactly where the milligrams and the millilitres 
in the dispensed dose are on the label.
[Nicola, #11,5PAW(Q]
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In addition to the points made by Susan, Kerys, Lisa and Nicola, Karen explained that having been 
exposed to the 'Authentic World' learning environment, that her confidence increased on entering 
the clinical areas:
...doing the test twice in college and having the computer program made me feel 
confident...and I knew that I could do the calculations...and I'd done them a few times 
before I went on the ward...so I felt confident...with the computer program, I think it 
was applied more to the ward...like it urn...showed the prescription chart, and like what 
the bottles of the tablets looks like and everything...where as with the lesson it was just 
like...I don't know...nothing was visualised...and it wasn't applied to the ward like the 
computer one was.
[Karen, #17, 5PAW(C)]
Initially Ruth was not so emphatic regarding whether having previously seen the digital photographs 
of the prescription charts etc. had helped her in clinical practice. However upon reflection she 
reinforces the theory suggested by von Glaserfeld:
...Probably...subconsciously (having seen the prescription charts etc. already) might 
have helped...you know I don't know that I'm consciously aware that it helped...but 
subconsciously it may have helped...you know when these things flash into your mind 
and it may well have been that...I mean I can see them subconsciously now.
[Ruth, #2, 5PAW (C)]
Rachael had previously suggested that she was shocked when she realised that as a registered nurse 
that she would be expected to perform calculations when administering medications. Subsequently 
she explained that having been exposed to the 'Authentic World' learning environment that this 
sense of shock had been somewhat reduced:
...I just remembered the sections and the formulae better...! can't even remember what 
we did with the other teacher...but I remember the computer program...it prepared us 
better...it wasn't such a shock when you went on the ward...because you've seen it all 
before.
[Rachael, #12, 5PAW (C)]
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In light of the performance and perceptions of these novice students following exposure to the 
'Authentic World' learning environment, I believe that at this point it is important to reflect upon 
the relevance of accepted models of problem-solving and skill acquisition in nursing. The Dreyfus 
Model of Skill Acquisition (Dreyfus and Dreyfus 1980, 1986), described five stages in learning to 
solve problems, in domains where problems are not well defined. The model was initially 
developed in research designed to study pilots' performance in emergency situations, and was 
subsequently developed to explore and describe stages of skill development in the theory and 
practice of nursing (Benner 1984).
Benner undertook paired interviews with beginning registered nurses, and nurses recognised for 
their expertise. Each member of the pair were interviewed separately and questioned regarding 
patient care situations they had in common, and which 'stood out' for them. The research was 
aimed at discovering if there were distinguishable, characteristic differences in the novice's and 
expert's descriptions of the same clinical incident. The Dreyfus Model posited that in the 
acquisition of a skill, a student passes through five levels of proficiency called: beginner, advanced 
beginner, competent performer, proficient performer, and expert. A brief synopsis of the general 
features of the first two proficiency levels initially described in the Dreyfus Model, and 
subsequently applied to nursing and nursing education in the USA by Benner (1984), reveals the 
following characteristics:
Stage 1 - Beginner:
Benner suggested that a beginner or novice in domains of learning where problems are not well 
defined, learns facts and rules and how to apply them. Such facts and rules are generally not context 
related, subsequently when applying such rules in the interest of developing a skill, the learner 
judges performance by how well they are followed. In the context of nursing, Benner (1984, p.20)
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argued that beginners have had no experience of the situations in which they are expected to 
perform. To give them entry to these situations and to allow them to gain the experience necessary 
for skill development, she suggested that novices are taught about the situations in terms of 
objective attributes and features of the task world that can be recognised without situational 
experience. Subsequently Benner claimed that novices are taught context-free rules to guide action 
in respect to different attributes.
Benner quite correctly claimed that rule-governed behaviour typical of the novice who has been 
exposed to didactic and transmission teaching methodologies, is extremely limited and inflexible, 
due largely to the fact that since novices have no experience of the situation they face, they must be 
given rules to guide their performance. Moreover Benner observed that, following rules legitimates 
against successful performance, because the rules cannot tell the novice the most relevant tasks to 
perform in the actual situation. Thus in terms of this previously held model, Benner claimed that 
nursing students enter a new clinical area as novices and as such they have little understanding of 
the contextual meaning of the recently learned textbook terms.
Stage 2 - Advanced Beginner:
Benner noted that, real situations provide the learner with an opportunity to practice a skill until it 
becomes an acceptable performance. Hence an advanced beginner begins to acquire knowledge on 
the basis of past experience as well as new experience. This stage of skill learning involves 
recognising facts in context and responding to them on the basis of previous experience.
In the context of nursing, Benner (1984, p.22) argued that advanced beginners are ones who can 
demonstrate marginally acceptable performance; and who have coped with enough real situations to 
note (or to have pointed out to them by a mentor) the recurring meaningful situational components
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that were previously described as 'aspects of the situation' in the Dreyfus Model. Thus Benner 
argued that in contrast to the procedural lists of things to do that are learned and used by the 
beginner, aspects of the situation require prior experience in actual situations for recognition.
However in light of the findings I have presented in this thesis, it is my contention that the 
employment of constructivist approaches, in the form of the 'Authentic World' environment, 
assisted those participants who scored 100% on the written assessments to enter their branch 
specific clinical areas as advanced beginners, in terms of their ability to perform fundamental 
medication dosage calculation problem-solving skills. That is, Benner assumed from her 
observations that it was necessary for novices to have been exposed to in some cases three to four 
years of 'real life' practice, for recognition of 'aspects of the situation' to occur. However the 
technological advances in computer science, combined with the application of constructivist 
principles, have provided a very powerful tool for effectively transferring 'key aspects of the 
situation' into the modern day college of nursing classroom, and subsequent forging of links with 
analogous theoretical abstractions. Subsequently it is my premise that while there can be no 
replacement for 'authentic activity' in clinical practice, that the employment of the 'Authentic 
World' environment assisted many participants to bridge the theory-practice 'gap' very early during 
the education programme. Hence it is recommended that further research should be directed toward 
both exploring the impact of computer-based 'authentic world' environments, and a subsequent re- 
evaluation of current models of problem-solving and cognitive skill acquisition in nursing.
Ultimately however it is essential to recognise that the use of constructivist approaches in the form 
of the 'Authentic World' learning environment, whilst clearly having had a substantial impact upon 
preparing novice students to perform medication dosage calculation problem solving in clinical 
practice, do have their limitations. The following extract illustrates the experience of Kirn, a child 
branch student who experienced great difficulty when computing some forms of division
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calculations, both during written and clinical assessments. Following completion of the clinical 
assessment we were reviewing one of the dosage problems Kirn had attempted:
Keith: But there were a few calculations that you couldn't do..... here's the first (the
prescription chart, medicine bottle and syringe are placed in front of Kim.....syringes
are used to measure & draw up liquid medicines in childrens -wards).........the doctor
has prescribed Senna 15 milligram, and the pharmacy has dispensed 7.5 milligram in 
5 millilitres, and you 'd calculated it as far as having to divide 7.5 into 75, and you got 
a little bit upset. Do you want to tell me about that?
Kim...I've always had a problem with dividing numbers like that. I can't see how one 
goes into the other....you know, with the decimal point there.
Keith: Did you feel that the lesson or the computer program helped you at all in 
overcoming this problem?
Kim...They helped a little bit, but I'm still having problems. Obviously I know that I 
have to work on that...especially having seen the size of the babies on the ward...I just 
need some more help with basic maths. You know I can work it out so far after using 
the computer program...but I get stuck on those odd numbers...! thought it was about 
10 or 11 (correct answer 10 ml) but I couldn't work it out exactly...but it's like you 
said, you've got to know roughly what the answer is so that you don't make a big 
mistake on the calculator.
[Kim, #22, 5PAW (C)]
This extract highlights that while all conceptual errors were overcome following exposure to the 
'Authentic World' learning environment, that nine out of the forty four participants continued to 
manifest arithmetical operation or computation errors. Nevertheless as illustrated at the 
commencement of this chapter, the written assessments were diagnostic of subsequent performance 
in clinical practice. Subsequently this facilitated early mobilisation of college support services, and 
ultimately all nine participants successfully passed the written assessments at the 100% level, within
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the 18 month CFP period - an achievement record never accomplished previously with any cohort 
of nursing students within the college.
The remaining sections of the thematic analysis centre upon participants perceptions of the optimum 
sequencing of the two teaching strategies, the requirement for a fundamental arithmetic programme 
to be built into the Diploma programme, their perceptions of mathematics anxiety and any other 
comments. The chapter concludes with a summary of the findings and precedes the final chapter 
which concludes the thesis.
Theme: Participants' opinions regarding the optimal sequencing order of the 
lesson and tutorial; and the 'Authentic World' learning environment
(Code(s): 6S)
The participants views were generally divided between either a sequencing order of the 'Authentic 
World' learning environment, followed by the teacher led lesson and tutorial; or of sole exposure to 
the 'Authentic World' environment alone.
Steven stated:
...Just the computer program
[Steven, #13, 6S]
Similarly Ruth claimed:
...Just the computer program...! didn't gain anything from the lesson that 1 hadn't 




Conversely Lisa stated that:
It's hard to say...I think I benefited from both...but I felt that the computer program 
was a much better way of learning...if anything I would have preferred to have had the 
computer program first...cos it was a step by step thing...where as in the lesson it was 
like all these numbers were just thrown in...and I was kinda thrown...so I wasn't 
confident that I was doing what I was supposed to be doing...doing the sums and the 
equations the right way...even though I worked out my own method I wasn't a hundred 
per cent confident I was right....but with the computer program...after that I was a lot 
more confident...well I knew 1 could do the sums...and 1 felt a lot more confident about 
the second assessment...
[Lisa, #4, 6S]
While Nicola was rather more emphatic in her view of both the sequencing order and that both 
strategies were useful:
Oh...both together....but the computer program first though...to just get everyone into 
it...so they can see why they are doing it...and then like the lesson and tutorial to just 
sort of revise...and then loads of past papers and stuff.
[Nicola, #11,68]
Moreover Kim who demonstrated particular weaknesses in her computation ability added that:
Oh...definitely both...I think you pick up things from both...the computer program was 
brilliant but there was one or two things in the lesson that made it a bit clearer...so 
both...and if it was possible to do some basic maths lessons as well that would help a 
lot of people.
[Kim, #22, 6S]
This latter perception was fairly widely distributed throughout the sample of participants, and is 
illustrated in the next theme of the interview schedule.
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Theme: Participants' opinions regarding the requirement for a basic arithmetic 
program to be built into the Diploma in Nursing Studies Program 
(Code(s): 7BMP)
A number of participants perceived that their computation skills were developed sufficiently at 
commencement of the programme not to require the use of such a programme. However these 
participants empathised with those students who they identified as having struggled with this 
element of medication dosage calculations. For example Ruth a mature student who was particularly 
adept at computation skills stated that:
Yeah...not for me...but I could see a lot of people struggling alongside me...you know 
people were way off track with long division...they were unfamiliar with the basics.
[Ruth, #2, 7BMP]
Similarly Nicola who showed a well developed schemata for computation skills stated that:
Yeah...there could be...I know some of the girls were quite upset if they didn't pass the 
test...I think there could be because some of the people haven't done maths for 
years...and then just to come straight into it...I know we had to do it on our interview 
but there could be...just a small module to get the basics back.
[Nicola, #11,7BMP]
Other participants recognised that their schemata for computation skills required further 
development to safely undertake the medication dosage calculation skills required in professional 
nursing practice. Rachael who as explained previously, initially manifested naivety regarding the 
arithmetical skills required to undertake medication dosage calculation problem solving, stated that:
Yeah...l think it would be very helpful for lots of people...because it's quite frightening 
to come and be faced by all this...especially when you realise that you've got to do this 
right...and the risks if you get it wrong., .and all the publicity about being careful with 
medication dosages...yeah it would be quite good to put peoples minds at rest so that 
when they get faced with this it's not such a big shock.
[Rachael, #12, 7BMP]
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Recognition of the degree of support that such a programme could offer ranged from just 
developing and brushing up on previously forgotten skills (what Piaget, (1954, 1983) termed 
assimilation), to constructing new schema for arithmetical operation and computation skills (what 
Piaget termed accommodation). In respect of the former process, Steven stated that:
Yeah...I think like when I was at Coleg Harlech...it took me a while to remember the 
basic maths...! mean I'd just forgotten it all and I think if there was a basic maths 
program built into the course then it would give you a chance to brush up if you 
needed to.
[Steven, #13, 7BMP]
While in respect of the latter process there was evidence that in the absence of a formal basic 
arithmetic programme that students developed schema for these skills through tuition via faculty 
members and by the formation of informal student support groups. Susan stated that:
Yes...you know if you hadn't shown me how to do those fractions I wouldn't have 
known...I mean I know you should learn about those things in school...but I 
didn't..and I think there's a lot of others who don't know that..so yeah I think a basic 
maths program would help a lot of people...! mean you wouldn't have to go if you 
already knew it would you...well that's what I think anyway.
[Susan, #18, 7BMP]
While Karen claimed that:
I think so yeah...because I spent an aweful long time with my friend showing me how 
to do long division...and if it hadn't been for her really I don't know...maybe 1 
wouldn't have felt so confident....because we spent hours together like doing it...and 
yeah I think it would be a good idea, cos I know a lot of people on the course find the 
maths quite hard, and are anxious about it...If you use a calculator I think sometimes 
you tend not to know what you are working out..it's just a line of figures and if you 
get like an unreliable answer, and you don't know how to work it out on a piece of 
paper you haven't got like a back up...so you could get the wrong answer from the 
calculator, and think it was right and have no way of checking it
[Karen, #17, 7BMP]
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The perception of mathematics anxiety expressed by Karen will be dealt with in the next section, 
however the associated phenomenon of the stigma attached to not being able to 'do the maths' was 
highlighted by Kirn:
Yes...a lot haven't got GCSE maths, a lot of people have trouble like this...and there is 
a stigma attached to not being able to do maths. So I think for me personally I would 
go...I think if there were additional classes it would help a lot of people.
[Kirn, #22, 7BMP]
Subsequently while there is clear evidence that use of the 'Authentic World' learning environment 
assisted participants to develop requisite schema for medication dosage calculation problem-solving 
skills, there is also evidence that for approximately 20% of this sample that an additional basic 
arithmetical operation and computation skills programme would augment this process. Moreover 
as stated in the previous section where support services were mobilised in response to identification 
of these problems, all 9 (20%) of participants developed the requisite skills.
The penultimate section of the thematic analysis centered upon the participants' perceptions and 
experiences of mathematics anxiety prior to, and following exposure to the medication dosage 
calculation program.
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Theme: Participants' perceptions and experiences of mathematics anxiety prior 
to, and following exposure to the medication dosage calculation 
programme (Code(s): SMathA)
The rationale of this section of the thematic analysis was to identify participants' general 
perceptions of mathematics anxiety at the commencement of the nurse education programme, and 
their re-evaluation of perceived anxiety on completion of the medication dosage calculation 
programme. To provide a scalar representation of their perceptions they were asked to rate their 
perceived anxiety on a scale of 1 to 5; where:
5 = most anxious you could be 
1 = not anxious at all
Figure 95 illustrates the participants' perceptions of their mathematics anxiety on commencing the 
nurse education programme, and on completion of the medication dosage calculation programme.
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Figure 95
Participants' perceptions of their mathematics anxiety on commencing the nurse education 
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Figure 95 illustrates that eight of the nine participants perceived that they felt less anxious on 
completion of the medication dosage calculation programme, than on commencing the nurse 
education programme. One participant, Lisa #11, who perceived little anxiety on commencing the 
programme, reported the same levels on completion of the programme. Analysis of the participants' 
initial responses indicated a number of similarities to perceptions of mathematics anxiety reported 
in previous studies centred on this theme. While analysis of participants' perceptions regarding the 
education process suggested that exposure to the 'Authentic World' learning environment and 
authentic activity during clinical-based assessments, improved confidence and reduced anxiety. For 
example when asked whether she experienced mathematics anxiety prior to commencing the nurse 
education programme, Lisa explained that:
...yeah...I did...I think everyone does though...don't they (nervous laughter)... 
mean when it comes to money and things like that...you don't seem to think about it as 
maths...because...well I suppose it's the same thing...like it's all numbers...but I don't 
know...I don't feel anxious when it comes to everyday things like that.
[Lisa, #4, SMathA]
Previously both Richardson (1980) and Stobart (1980) have reported that numerical concepts 
associated particularly with the handling of money and recognising the correct change have retarded 
the development of mathematics anxiety. This phenomenon appears to be closely aligned with the 
growing body of literature centered on situated cognition. As 1 introduced in Chapter 1, and 
reiterated in the opening section of this chapter, Lave (1988) described how JPF (just plain folk) 
appeared very comfortable when completing quite complex numerical computations during grocery 
shopping, yet were largely unable to transfer these skills to the solving of paper based word 
problems. I do not intend to pursue this latter point here, as 1 have dealt with it previously. However 
the views of the participants clearly suggest that having become familiarized with the process of 
dosage calculation problem-solving, and having developed schema for dosage calculation problem 
solving skills, that they perceived less anxiety and grew in confidence. For example Lisa goes on to 
explain that following completion of the dosage calculation programme that:
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...knowing that I can do it now...I don't feel nervous about it...but if I was left on my 
own to do it I'd panic a bit...and think it's very important...but no it's made me a lot 
more confident...and knowing that I can do it now it's made me less anxious about 
dosage calculations..
[Lisa, #4, 8MathA]
However when reflecting upon her initial perceptions, following exposure to the didactic lesson 
Lisa explained that:
...like when I did the lesson I felt ...Oh my god I'm never going to do this and I'm 
going to have to leave...cos I'll never be able to do dosage calculations...
[Lisa, #4, SMathA]
Previous reports by Meisenhelder (1987) suggest that in common with Lisa's perceptions, that 
mathematics anxiety may present with the individual being preoccupied with feelings of self- 
deprecation and inadequacy, of being incapable of handling the task, and of focusing on the feared 
outcome of failure rather than the task at hand. Moreover Lazarus (1975) who coined the term 
'mathophobia', suggested that math avoidance and mathematics anxiety may be associated with 
teaching methodologies that do little to make mathematics relevant to everyday life.
However following exposure to the 'Authentic World' learning environment, and the clinical-based 
assessment Lisa stated that:
...but after the computer program and doing it for real on the ward I feel a lot 
better....you know confident that 1 can do them now...yeah so on the scale I'd put 
myself on about a 2 now... so I know I've got to have someone to check it with me...but 
yeah I feel far more confident now.
[Lisa, #4, 8MathA]
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The experience reported by Lisa was common to a number of participants. For example Karen 
perceived the process of schema construction as a rites de passage during which initial feelings of 
inadequacy, lack of confidence and anxiety were replaced by a feeling of having proved herself:
It's like I can remember feeling anxious before I started the course...but now I've 
proved to myself that I can do it....and it only takes a bit of time and some help...and I 
can do it. You know I feel that before 1 was writing myself off before I'd given myself 
a chance...but now I know that if I put enough effort and time into it then I can do 
it..and I think that's what made me less anxious about it...and it's made me feel more 
confident with this assessment now when you've come up to the ward...and I've 
proved myself to be competent, and I could do it for real...so that's boosted my 
confidence.
[Karen, #17, 8MathA]
Ultimately it is essential to recognise that perceptions of mathematics anxiety can be very 
destructive and can inhibit the progress of schema construction. Buxton (1984) suggested that even 
highly intelligent people can develop a pathological terror of mathematics and that panic induced by 
fear and embarrassment may contribute more to failure in the subject than actual mental incapacity. 
Discussions with Kim indicated that on commencement of the programme that she rated her anxiety 
as 5 (the most anxious she could be). On questioning, Kim stated that:
Um...I usually get upset when I can't do things...! used to think that I was really stupid 
because I couldn't figure things out...and when 1 found out that we had to do 
calculations here...I mean before we did the program (research program)...} got really 
nervous again...you know just thinking about it.
[Kim, #22, SMathA]
On subsequent questioning, following completion of the programme she stated that her perceived 
level of anxiety had receded to:
About 3...1 mean I feel less anxiety now...I still feel...Oh my god I can't do this, like I 
did when we were working out those last drug doses on the ward, but I didn't get 




When questioned as to what she put the reduced anxiety down to, Kim explained that:
...I think seeing it on the computer...you know things like hearing the clapping and 
things when you got it right...that made me think / got that right, I'm not so stupid 
after all...and not being shouted at...or laughed at...you know when you got it 
wrong.. ;and having the headphones on so nobody else knew even if you did get it 
wrong...and it telling you if your answer was too big or too small. You know it makes 
you think, oh yeah I can do it...oh the computer knows I got it right...it gives you some 
confidence...like 1 can do it...and although I know 1 need more confidence with 
maths...I've seen on the ward that I've learned to do a lot of the calculations...You 
know I was dreading you coming to the ward...I was back and forth to the toilet...but 
now I'm all right...thanks.
[Kim, #22, SMathA]
It was to be a further six months before Kim finally constructed the requisite computation schema 
and successfully completed the medication dosage calculation assessment. However I was 
pleasantly surprised recently when I received a Thank You card from Kim explaining that the 
experience of participating in the medication dosage calculation research had stimulated her to 
enroll for a part time GCSE mathematics programme, which she passed at a grade 'C'. This stated 
Kim was the 'biggest hill I've ever had to climb, but now I have done it'. I feel that this dimension 
of the research was particularly satisfying in terms of assisting students to conquer their fears and 
anxieties of mathematics, which in some cases had been harbored for many years. Moreover I have 
a certain empathy with many of the perceptions described by the participants within this section, as I 
vividly recall initially experiencing problems with grasping the essentials of differential equations, 
during the first undergraduate year of my science degree. Ultimately the anxieties provoked by 
being confronted with:
4)12
..are no less real for the individual, than the anxieties provoked by being confronted with:
y = e' x sin x, find —%• and —\
d x dx
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...if that individual has yet to construct the requisite schema for solving the equation!
Subsequently I hope that this thesis, and the publications that have emanated from it, have gone 
some way to highlighting the plight of students who have been subjected to didactic methodologies, 
that are based on the unfounded assumption that knowledge can somehow be transmitted from 
teacher to learner.
The final section of the interview schedule centred upon any other points the participants wanted to 
make, that had not been covered in the preceding sections. The responses generally requested points 
of clarification and requests that the program should be made available to all students. Otherwise 
one participant provided suggestions regarding how she perceived that the prototype 'Authentic 
World' learning environment could be improved. Lisa suggested that:
....well with the computer program I found that after doing it a couple of times on my 
computer...well if I wanted to practice I found it a bit slow going...cos I had to do the 
whole section all over again...so maybe if there was a quick thing at the end where you 
could just do and practice the calculations...and not have to go through the whole 
section again that would have helped...you know 1 got bored after going through it a 
couple of times...not that I'm criticising it or anything...cos I think it's really good...but 
you know what I mean?...So once I got the hang of it 1 wanted to have more practice at 
just doing the math's and different numbers and things...and I didn't want to go 
through it all over again.
[Lisa, #4, 3NAW(W)]
and secondly, Lisa suggested that:
...if you could type in your own answer as well....so that you could work out all the 
math's on your own.
[Lisa, #4, Other]
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I have noted both of these suggestions, and as discussed in Chapter 2, the limitations of the 
Illuminates authoring tool effectively precluded the inclusion of an auto-type facility. Nevertheless 
having undertaken a full evaluation of the 'Authentic World' learning environment, the next stage in 
its development will be the design of a more sophisticated version, authored on the more powerful 
Macromedia platform. Subsequently this will incorporate the same essential constructivist design, 
however the facility for inclusion of quite superb graphics, and an auto-type answer box system, 
will greatly enhance its presentation and self diagnostic value.
Finally for the purposes of brevity, a summary of the main findings discussed in this chapter will be 
discussed in combination with a conclusion to the thesis, within the fifth and final chapter, which 
now follows.
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A final summary of the clinical based component of the investigation
In conclusion this chapter has presented the results of the clinical-based component of the 
investigation. There were three aims to this chapter, and I will now briefly summarise the major 
points that were developed.
Aim 1: Following exposure to a combined 'Authentic World' learning environment and didactic 
transmission methods, to explore whether performance on written assessments was predictive of a 
sub-sample of nursing students' performance during clinical dosage calculation problem-solving 
situations.
There were two major findings that emanated from the observation and clinical-based assessment 
period:
1. During the 16 week clinical observation and assessment period, all participants verbalised, or set 
the posed dosage calculation problems up correctly, and there were no conceptual problem- 
solving errors committed. This key finding indicates that the schema for dosage calculation 
problems, which the participants had constructed during the period of college-based instruction 
had been retained up to 16 weeks post instruction. However participants who committed 
arithmetical operation and computation errors during the college-based written assessments, 
without exception when presented with similar or identical problems, continued to re-manifest 
these errors during clinical-based dosage calculation problem-solving situations. These findings 
have two key implications:
• First, the premise that exposure to the 'Authentic World' learning environment assists novice 
learners to construct accurate schema for fundamental medication dosage calculation problems, 
is reinforced. Similarly the premise that where schema for arithmetical operation and 
computation problems are not well developed, that it takes a more protracted period of time for 
such a construction to occur, is also reinforced.
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2. Performance and errors manifested on written medication dosage calculation assessments, 
following exposure to the combined 'Authentic World' learning environment, and teacher led 
didactic teaching strategies, were predictive of performance and error manifestation during 
clinical-based medication dosage calculation problem solving situations. Subsequently following 
exposure to the 'Authentic World' learning environment, these results suggest that in contrast to 
the findings of Fulton. & CTNeill (1989), and Conti and Beare (1988), that:
• Simultaneous exposure to iconic and symbolic features of dosage calculation problems does 
have a positive influence upon assisting construction of schema for fundamental dosage 
calculation problems.
• Performance on written dosage calculation assessments, following exposure to education 
programmes based on constructivist strategies, are predictive of subsequent performance during 
clinical-based fundamental dosage calculation problem solving situations. Ultimately this 
facilitates both the diagnosis of students who are likely to commit errors in clinical practice, and 
the mobilisation of support services to assist these novice learners to develop requisite schema 
for arithmetical operation and computation skills.
Aim 2: To explore and illustrate student perceptions of mathematics prior to commencing nursing; 
and to explore student perceptions of the influence of a transmission model upon their 
understanding and learning of dosage calculation skills.
The participants' perceptions of mathematics prior to commencing their nursing studies were 
predominantly but not exclusively negative. A common perception was 'I'm hopeless at maths' or 
'I hate maths'. Moreover participants suggested that by far the most common teaching 
methodologies they recall being exposed at school were based on a transmission model. The 
participants' experiences of calculator use at school were with one exception widespread. 
Subsequently while the one mature participant reported no concerns when told that she was not
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permitted the use of a calculator during the medication dosage calculation programme, the 19 to 26 
year old participants commonly reported feelings of great concern and anxiety.
There was almost total agreement that the didactic lesson and tutorial had assisted participants to 
learn the method for converting S.I. Units of volume and weight. However beyond this participants 
suggested that the transmission model was:
• Useful only for the written assessment
• Not relevant to the 'real world' of clinical nursing practice
• Just numbers for numbers sake
• Using words such as 'prescribed dose' and 'dispensed dose' which held no meaning
• Confusing and over complicated
• Not useful as a preparation for undertaking medication dosage calculation problem-solving in 
clinical practice, as it failed to sensitise the students to the detail of the dosage problem features 
that appeared in clinical practice.
Moreover there was evidence that individuals manifesting cognitive styles which appear at the polar 
ends of the CSM continuum, appeared to experience substantial difficulties in constructing requisite 
schema for medication dosage calculation problems, following sole exposure to the lesson and 
tutorial.
Aim 3: To explore students' perceptions of the influence of a computer-based 'Authentic-World' 
learning environment upon their understanding and learning of dosage calculation skills.
Conversely participants universally perceived that the 'Authentic World' learning environment:
• Simplified the problem and made it relevant to clinical nursing practice
• Provided iconic features in the form of digital photographs that made the 'sum easier'
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• Facilitated 'seeing ' prescription charts, medication containers and tablets etc. that when linked 
to the word based formulae and the number based equations 'meant' far more than just numbers 
and formulae
• Assisted in preparing them for medication dosage calculation problem-solving in clinical nursing 
practice
In terms of initial schema construction I have suggested that these perceptions illustrate the 
importance of'modelling' the essential iconic features of dosage calculation problems (Collins et al 
1989); assisting the development of an iconic mode of representation (Bruner 1975, 1978); and 
promoting a semantic connection between words, mathematical abstractions, and relevant iconic 
features situated in clinical practice (von Glaserfeld 1987).
Subsequently while participants found difficulty in verbalising their precise perceptions regarding 
how the 'Authentic World' learning environment had prepared them for problem-solving in clinical 
nursing practice, there was nevertheless clear evidence that exposure to this process had assisted in 
narrowing the theory-practice gap. An analysis of participants perceptions revealed that the 
'Authentic World' environment:
• Was more clearly 'linked' to 'real life' features that existed in clinical nursing practice.
• Facilitated 'picturing of or 'seeing' the dosage problem in 'the mind'.
• Was 'more real' and resulted in the 'pictures sticking in the mind' and 'how they linked with the 
numbers'.
• Assisted recall of the problem-solving process.
• Sensitised them to the authentic features of dosage problems that appeared in clinical practice, as 
what was 'seen' on the ward was the same as that previously 'seen' on the computer screen.
• Reduced the 'reality shock' of moving from a college- to a clinical-setting.
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These perceptions suggest that the participants benefited from the 'coaching' phase of the cognitive 
apprenticeship process (Collins et al 1989), and the associated 'scaffolding' nature of the colour 
coded links between the iconic and symbolic features. However the participants reported 
perceptions indicated that they continued to recall, that is 'mentally visualise' and draw upon the 
semantic links between iconic and symbolic features during the written assessments; even though 
the 'real' physical entities or 'concepts' were not actually present in their immediate environment. 
Ultimately this suggests that certainly at this stage of schema construction, that these participants 
were experiencing a transitory phase between what Bruner described as the iconic and symbolic 
modes of representation. Subsequently it appears that the process they were describing was more 
closely approximated to the theory suggested by von Glaserfeld (1989). However it is unclear at 
this point whether future schema refinements would facilitate a complete shift to a symbolic mode 
of representation. An analysis of von Glaserfeld's definition of 'concept' suggests a close alignment 
with the verbalised perceptions of the novice students. During the construction of schema, this 
author differentiates between the terms 'representation' and 're-presentation', von Glaserfeld 
suggests that from a constructivist standpoint that the term 'concept' refers to a structure that has 
been abstracted from some prior experiential construction, and subsequently re-presented by the 
individual (to himself) in the absence of perceptual input (e.g., seeing the entity within ones 
immediate environment). That is for example, in the absence of iconic (visually tangible) stimuli 
from the experiential field (environment), evidence of having 'learned' the meaning of the concept 
requires that the individual continue to re-present to him/herself the requisite imagery of that 
concept - for example whenever he or she sees a word or symbol that represents the concept. In 
terms of the 'Authentic World ' learning environment, I have suggested that there was evidence that 
this process was facilitated and accelerated by scaffolding, in the form of colour coded links 
between the mathematical abstractions (numbers) located in the equation, and the digital 
photographs (which represented actual features of medication dosages situated in clinical practice).
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Ultimately both Brunei's and von Glaserfeld's theories go some way to explaining the very striking 
dichotomy in perceptions reported by participants when explaining the great difficulties they 
experienced in understanding the lesson content (where for most participants little to no semantic 
links had been forged); and the almost simplistic ease with which they understood the content of the 
'Authentic World' learning environment. In support of this premise, all participants reported that the 
'Authentic World' learning environment assisted them to a much greater extent in learning 
(constructing requisite schema for), tablet and capsule, liquid medicine, injection, and I.V. infusion 
rate problem solving skills.
Moreover participants universally stated that previous visualisation of prescription charts, 
medication containers, tablets and capsules, ampoules, and intra-venous infusion equipment 
'sensitized' them to these 'real life' features and prepared them for problem-solving in clinical 
practice; and reduced their anxieties regarding performance of these skills. Hence 1 have suggested 
that those individuals who scored 100% in the written assessment and subsequently accurately 
solved all posed medication dosage calculation problems, entered their respective clinical settings 
not as novices, but rather as advanced beginners in this skills area. Therefore in light of these 
findings I have recommended that further research should be directed toward both exploring the 
impact of computer-based 'authentic world' environments, and a subsequent re-evaluation of 
current models of problem-solving and cognitive skill acquisition in nursing.
Finally a number of participants recommended sequencing of the 'Authentic World' learning 
environment prior to teacher-led lessons, such that dosage problems discussed in the classroom, 
were 'clear in their minds', before subsequent exposure to word problems.
397
CHAPTER 5
REDEFINITION OF THEORY, IMPLICATIONS FOR NURSE EDUCATION, 




| This final chapter of the thesis provides the:
* Summary of findings, a redefinition of previously held theories at the study site and! 
recommendations for future research
* Limitations of the study
* Implications for nurse education
The key aims of this final chapter are to:
1. Summarise the findings of the investigation
2. To redefine the beliefs previously held at the study site regarding initial preparation strategies 
used to assist nursing students develop medication dosage calculation skills
3. To highlight the subsequent implications for the practice of nurse education
4. To provide a series of recommendations both for future preparation of nursing students and for 
further education research in this critical area
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Summary of findings, conclusions and recommendations on completion of the conceptual 
and planning phases of the investigation:
Overview:
Chapter One described the Conceptual Phase of the investigation and was initially aimed at 
analysing the evolution of the problem at the study site between 1992-1997. Secondly it reviewed 
and evaluated literature pertinent to the initial theory development and hypothesis generating stage 
of this thesis, and explained and illustrated the general action research framework which was 
evolved to provide direction to the research process. This was to act as a precursor to Chapter Two, 
which explained and illustrated the Planning Phase of the investigation, during which the previously 
defined constructivist approaches were applied to the design and development of a computer-based 
'Authentic World' learning environment.
The conceptual phase illustrated the constructivist view of the role of words as 'containers of 
meaning'. This showed that didactic teaching methods may be founded on assumptions which deny 
the relationship between words and the concepts constructed by each individual, as a result of their 
prior experience. It was suggested that problems experienced by students when taught in this way 
constitute a very real theory practice divide and may be explained in terms of constructivist learning 
theory. Subsequently a fuller explanation of the range of constructivist theories was provided, and 
illustrated how thinking which arose in a number of educational fields, including mathematics 
education, influenced the adoption of a constructivist approach to the teaching and learning of 
practical mathematics in nursing. Ultimately this led to the need to develop a suitable learning 
environment in which students could acquire medication dosage problem solving skills. The 
Planning Phase provided an illustrated account of the development of a prototype computer based 
'Authentic World' learning environment and the educational theories which informed and shaped its 
development. The evaluation of this system in both educational and clinical settings formed the 
subject of the Third and Fourth Chapters of this thesis.
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An analysis of early teacher and student evaluations at the study site, described the computation and 
conceptual problem solving errors demonstrated by nursing students who were taught medication 
dosage calculation skills through traditional didactic methods. These evaluations emphasised the 
observation that many novice nursing students had at best developed only vague conceptual models 
of the 'real life' dosage problems seen in clinical practice and described by dosage calculation 
'word problems'. Traditional methods of teaching medication dosage calculation skills commonly 
rely on words to convey the problems which students are required to solve during their professional 
education. The use of written and spoken words is such a universal feature of human 
communication that we rarely question our assumptions about the process. As von Glaserfeld 
argues:
"When we understand what we read, we gain the impression that we have 'grasped' the 
meaning of the printed words, and we come to believe that this meaning was in the 
words and that we extracted it like kernels out of their shells. We may even say that a 
particular meaning is the 'content' of a word or a text." (von Glaserfeld 1987, p.316).
This author claims that the notion of words as 'containers of meaning', in which the writer or 
speaker 'conveys' meaning to readers and listeners is extraordinarily strong and seems so natural 
that we are reluctant to question it. However in his view this is a misguided notion. For each one of 
us, the meaning of a concept is an abstraction which we have made from 'real life' experiences. 
That is to say concepts are:
"subjective in origin and reside in a subject's head, not in the word, which because of 
an association, has the power to call up, in each of us, our own subjective 
representation." (von Glaserfeld 1987, p.317).
Ultimately the notion that words can act as containers or conveyancers of meaning in the fullest 
sense lies at the heart of the belief that knowledge can be 'transmitted' from one person to another.
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without consideration of the nature of the concepts held by participants in the interchange. In her 
doctoral study Hutton (1998) found that competence in nursing mathematics develops through 
experiential learning in clinical areas, and development of a 'common sense' knowing when 
answers are sensible. She recommended that classroom based sessions should include realistic 
problems taken from relevant clinical settings, to reinforce common sense learning from the earliest 
possible time. Similarly previous findings at the study site strongly suggested the need to assist 
novice learners to construct a bridge between authentic features of clinical practice and classroom 
based abstractions; and thus narrow the theory-practice divide by setting a strong foundation early 
in the education process. It was clear that, in order to achieve this aim a change of approach to 
teaching and learning related to mathematical abstraction was required. This led to the suggestion 
that if learners were to become safe and clinically effective practitioners in this regard then they 
needed to be helped to construct much stronger conceptual models of, and links between, both real 
life dosage problems, and the word based formulae and number based equations used to solve these 
problems.
This suggestion led to the development of a computer based learning environment. This was 
designed to help learners construct conceptual models of the real life 'iconic features' of dosage 
problems, and the word and number 'symbols' used in dosage calculation formulae and equations. 
Utilising an eclectic model based upon the work of the constructivist thinkers, Jean Piaget, Jerome 
Bruner and Ernst von Glaserfeld, the 'Authentic World' learning environment was aimed at 
assisting the movement of novice learners from an iconic to symbolic mode of representation. This 
process was operationalised within the framework of the cognitive apprenticeship model initially 
described by Collins, Brown and Newman. This incorporated modelling, coaching and scaffolding, 
and fading stages, which effectively shaped the surface design of the program.
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Summary of findings, conclusions and recommendations on completion of the college based 
experiment:
The college based experiment consisted of a cross-over design during which a 40% sample of 44 
students were assigned in equal numbers to two groups. Participants assigned to Group X were 
initially exposed to the 'Authentic World' learning environment, and participants assigned to Group 
Y were exposed to the teacher led didactic transmission model of education. Following assessment 
of written medication dosage calculation skills on completion of Stage 1 of the experiment, the two 
groups were 'crossed-over' and exposed to the alternate teaching method and subsequently re­ 
assessed on completion of Stage 2.
Aim 1:
To analyse the efficacy of a pre-registration Diploma in Nursing Studies numeracy assessment 
undertaken at selection, in detecting arithmetical operation and computation skills critical to the 
solving of fundamental medication dosage calculation problems.
Following an analysis of the numeracy selection assessment, and the performance of participants on 
the fundamental written medication dosage calculation assessments, the results indicated that:
A range of computation, i.e., arithmetical operation and computation problems were widely evident 
among the sample of participants. These were manifested as mainly conversion of fractions to 
decimal equivalents, and errors when computing whole number division and multiplication, without 
the aid of a calculator. Ultimately there was evidence among the student body of a widespread 
failure to accurately develop schema for these arithmetical skills. Moreover there was evidence that 
possession of a Grade 'B', 'C', or 'no' formal qualification in GCSE mathematics, was not of itself 
an accurate predictor of accurate schema construction for these skills. These findings have
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implications for the efficacy of the numeracy selection assessment, and it is recommended that 
development of an item-specific diagnostic framework is necessary to:
a) Identify the stage of schema development among prospective and novice nursing students.
b) Facilitate mobilisation of support networks, to assist learners to develop requisite arithmetical 
schema.
Whilst not specifically designed as an assessment for selection purposes, the diagnostic framework 
utilised within this study facilitated diagnosis of conceptual, arithmetical operation and computation 
errors. That is where participants demonstrated these errors, they had been open to scrutiny and 
diagnosis, both as: Participants had been instructed to show all of their computational methods; and 
as the conceptual problem solving errors which had previously confounded such a diagnosis had 
now been eliminated, by exposure of students to the 'Authentic World' learning environment. 
Ultimately it is recommended that the current design of such a diagnostic framework needs to be 
adapted for use within the selection process. This requires posing of specific arithmetical equations 
that underpin calculations that are encountered in professional nursing practice; and a requirement 
for prospective students to demonstrate their method of performing the computation. However of 
key importance is the requirement for faculty staff who are able to interpret error types manifested 
by candidates. There is clearly the opportunity to consult professional mathematician colleagues, 
regarding the design specification of such a diagnostic framework. However given the distinct 
thought pattern differences described by Noss et al (1999), for mathematicians and non- 
mathematicians, it is recommended that consultation between mathematician colleagues and nursing 
faculty must be adhered to during every stage of such a design process.
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Aim 2:
To identify the cognitive styles in mathematics (CSM) of a typical sample of students folio-wing a 
pre-registration diploma in nursing studies programme; and to compare the styles manifested by 
UK based nursing students with those previously reported among their counterparts in the USA.
a) The distribution pattern of CSMs among the 44 participants confirmed that all three styles, i.e. 
inchworm, intermediate and grasshopper, existed among the population of a typical Diploma in 
Nursing Studies intake.
b) When compared to a sample of fkst year baccalaureate nursing students in the USA, there was 
evidence of widely varying distribution patterns between the two study groups. This may reflect 
variations in the style of education systems present in the two countries. However while caution 
is necessary when interpreting the results from these two small scale studies, initial comparative 
findings suggest that education materials and textbooks designed for the USA-based learner may 
not be necessarily appropriate for their counterparts in the UK. Ultimately as demonstrated in 
this thesis, it is clearly possible to construct education materials that are directly relevant to the 
UK based learner.
c) CSM distribution patterns between Groups X and Y indicated a similar 'inchworm' distribution, 
while those for 'intermediate' and 'grasshopper' CSMs showed variations of 3 (13%) and 2 
(9%) respectively. However given the exploratory nature of this element of the study, the 
variation in distribution of CSMs between the groups was not critical.
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Aim 3:
To analyse and evaluate the relationship between exposure to didactic transmission methods, a 
computer-based 'Authentic World' learning environment, and the learning of fundamental 
medication dosage calculation skills in the classroom.
* During Stage 1: participants assigned to Group X gained significantly greater total mean scores 
on the written medication dosage calculation assessment than participants assigned to Group Y 
(p < 0.014, post ANCOVA).
* Following sole exposure to the 'Authentic World' learning environment, participants assigned to 
Group X committed no conceptual errors. While following sole exposure to didactic teaching 
methods, 10 (45%) of participants assigned to Group Y committed one or more conceptual 
errors.
* During Stage 2: There was no significant difference between the total mean scores of 
participants assigned to Groups X and Y, on the written assessment (post ANCOVA). Group Y 
participants' mean group scores improved significantly following exposure to the 'Authentic 
World' learning environment (p < 0.001).
* Following the cross-over period participants from neither Group X or Group Y committed any 
conceptual errors.
* On completion of Stage 2 of the college based experiment, 1 and 8 participants from Groups X 
and Y respectively continued to manifest arithmetical operation and/or computation problems.
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* Results suggest that exposure to constructivist approaches to teaching and learning assist novice 
nursing students to develop requisite schema and understanding of medication dosage problems. 
However development of schema for arithmetical operation and computation methods, 
particularly related to the method for converting fractions to decimals and long division skills, 
requires a more protracted time period for assimilation and accommodation to occur.
4 During Stage 1, participants from Group X within all three Cognitive Styles in Mathematics (i.e., 
inchworm, intermediate and grasshopper), scored higher mean scores than their counterparts in 
Group Y. Subsequently during Stage 2 and following exposure to the 'Authentic World' learning 
environment, participants within all three Cognitive Styles in Mathematics from Group Y 
improved their test-scores significantly. However despite these results, it was only participants 
manifesting a grasshopper CSM who all scored a maximum of 30/30 by completion of the 
college based experiment. This result supports the findings of Bath and Blais (1993) who 
suggested that the 'global' strategies used by participants manifesting this style, equip them 
particularly well to solve typical medication dosage calculation problems. Ultimately following 
random assignment of participants to the two groups, the variation in respective CSMs between 
the two groups precluded a more sensitive statistical analysis of the significance of these results. 
It is recommended that a controlled ex-post-facto study of this phenomenon be performed to 
provide a more definitive statement of the relationship between CSM and performance on 
written assessments.
Despite making highly significant progress from Stage 1 to Stage 2, participants assigned to 
Group Y failed to achieve the same levels of performance on the Stage 2 written medication 
dosage calculation assessment, as did the Group X participants (p < 0.05 pre-ANCOVA; p 
> 0.066 post-ANCOVA). However these results must be viewed in respect of:
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Group X demonstrated a slightly higher if statistically insignificant start-point mathematical 
achievement level (as evidenced by the numeracy test scores achieved at selection). 
Subsequently this may have contributed to the actual performance division between the two 
groups on completion of the college-based phase of the study.
The potential for primacy of learning to have influenced participants assigned to Group Y must 
clearly be considered. Of particular concern in this respect was the performance of participants 
manifesting an inchworm CSM. That is not only did initial exposure to didactic and formulaic 
teaching methods fail to support the learning of any of these students; but also subsequent 
exposure to the 'Authentic World' learning environment supported only 33% of the learners to a 
100% level of mastery. Thus to identify whether performance on the written assessments was re- 
manifested in clinical practice, and to survey the opinions of students on their perceptions of the 
efficacy and sequencing of the two teaching strategies: A sub-sample of 9 of the 44 participants 
were selected for inclusion in 9 in-depth case studies based upon observation and assessment of 
dosage calculating ability in clinical nursing settings, and post clinical assessment semi- 
structured interviews.
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Summary of findings, conclusions and recommendations on completion of the clinical-based 
investigation:
Aim 1: Following exposure to a combined 'Authentic World' learning environment and didactic 
transmission methods, to explore whether performance on written assessments was predictive of a 
sub-sample of nursing students' performance during clinical dosage calculation problem-solving 
situations.
There were two major findings that emanated from the observation and clinical-based assessment 
period:
1. During the 16 week clinical observation and assessment period, all participants verbalised or, set 
the posed dosage calculation problems up correctly, and there were no conceptual problem- 
solving errors committed. This key finding indicates that the schema for dosage calculation 
problems, that the participants had constructed during the period of college-based instruction had 
been retained up to 16 weeks post instruction. However participants who committed arithmetical 
operation and computation errors during the college-based written assessments, without 
exception when presented with similar or identical problems, continued to re-manifest these 
errors during clinical-based dosage calculation problem-solving situations. These findings have 
two key implications:
• First, the premise that exposure to the 'Authentic World' learning environment assists novice 
learners to construct accurate schema for fundamental medication dosage calculation problems, 
was reinforced. Similarly the premise that where schema for arithmetical operation and 
computation problems are not well developed, that it takes a more protracted period of time for 
such a construction to occur, was also reinforced.
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2. Performance and errors manifested on written medication dosage calculation assessments, 
following exposure to the combined 'Authentic World' learning environment, and teacher led 
didactic teaching strategies, were predictive of performance and error manifestation during 
clinical-based medication dosage calculation problem solving situations. Subsequently following 
exposure to the 'Authentic World' learning environment, these results suggest that in contrast to 
the findings of Fulton. & O'Neill (1989), and Conti and Beare (1988), that:
• Simultaneous exposure to iconic and symbolic features of dosage calculation problems does 
have a positive influence upon assisting construction of schema for fundamental dosage 
calculation problems.
• Performance on written dosage calculation assessments, following exposure to education 
programmes based on constructivist strategies, are predictive of subsequent performance during 
clinical-based fundamental dosage calculation problem solving situations. Ultimately this 
facilitates both the diagnosis of students who are likely to commit errors in clinical practice, and 
the mobilisation of support services to assist these novice learners to develop requisite schema 
for arithmetical operation and computation skills.
Aim 2: To explore and illustrate student perceptions of mathematics prior to commencing nursing; 
and to explore student perceptions of the influence of a transmission model upon their 
understanding and learning of dosage calculation skills.
The participants' perceptions of mathematics prior to commencing their nursing studies were 
predominantly but not exclusively negative. A common perception was 'I'm hopeless at maths' or 
'1 hate maths'. Moreover participants suggested that by far the most common teaching 
methodologies they recall being exposed to at school were based on a transmission model. The 
participants' experiences of calculator use at school were with one exception widespread. 
Subsequently while the one mature participant reported no concerns when told that she was not
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permitted the use of a calculator during the medication dosage calculation programme, the 19 to 26 
year old participants commonly reported feelings of great concern and anxiety.
There was almost total agreement that the didactic lesson and tutorial had assisted participants to 
learn the method for converting S.I. Units of volume and weight. However beyond this participants 
suggested that the transmission model was:
• Useful only for the written assessment
• Not relevant to the 'real world' of clinical nursing practice
• Just numbers for numbers sake
• Using words such as 'prescribed dose' and 'dispensed dose' which held no meaning
• Confusing and over complicated
• Not useful as a preparation for undertaking medication dosage calculation problem-solving in 
	clinical practice, as it failed to sensitise the students to the detail of the dosage problem features
*
that appeared in clinical practice.
Moreover there was evidence that individuals manifesting cognitive styles which appear at the polar 
ends of the CSM continuum, appeared to experience substantial difficulties in constructing requisite 
schema for medication dosage calculation problems, following sole exposure to the lesson and 
tutorial.
Aim 3: To explore students' perceptions of the influence of a computer-based 'Authentic-World' 
learning environment upon their understanding and learning of dosage calculation skills.
Conversely participants universally perceived that the 'Authentic World' learning environment:
• Simplified the problem and made it relevant to clinical nursing practice
• Provided iconic features in the form of digital photographs that made the 'sum easier'
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• Facilitated 'seeing' prescription charts, medication containers and tablets etc. that when linked to 
the word based formulae and the number based equations 'meant' far more than just numbers 
and formulae
• Assisted in preparing them for medication dosage calculation problem-solving in clinical nursing 
practice
In terms of initial schema construction I have suggested that these perceptions illustrate the 
importance of'modelling' the essential iconic features of dosage calculation problems (Collins et al 
1989); assisting the development of an iconic mode of representation (Bruner 1975, 1978); and 
promoting a semantic connection between words, mathematical abstractions, and relevant iconic 
features situated in clinical practice (von Glaserfeld 1987).
Subsequently while participants found difficulty in verbalising their precise perceptions regarding 
how the 'Authentic World' learning environment had prepared them for problem-solving in clinical 
nursing practice, there was nevertheless clear evidence that exposure to this process had assisted in 
narrowing the theory-practice gap. An analysis of participants perceptions revealed that the 
'Authentic World' environment:
• Was more clearly 'linked' to 'real life' features that existed in clinical nursing practice,
• Facilitated 'picturing of or 'seeing' the dosage problem in 'the mind'.
• Was 'more real' and resulted in the 'pictures sticking in the mind' and 'how they linked with the 
numbers'.
• Assisted recall of the problem-solving process.
• Sensitised them to the authentic features of dosage problems that appeared in clinical practice, as 
what was 'seen' on the ward was the same as that previously 'seen' on the computer screen.
• Reduced the 'reality shock' of moving from a college to a clinical-setting.
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These perceptions suggest that the participants benefited from the 'coaching' phase of the cognitive 
apprenticeship process (Collins et al 1989), and the associated 'scaffolding' nature of the colour 
coded links between the iconic and symbolic features. However the participants reported 
perceptions indicated that they continued to recall, that is 'mentally visualise' and draw upon the 
semantic links between iconic and symbolic features during the written assessments; even though 
the 'real' physical entities or 'concepts' were not actually present in their immediate environment. 
Ultimately this suggests that certainly at this stage of schema construction, that these participants 
were experiencing a transitory phase between what Bruner described as the iconic and symbolic 
modes of representation. Subsequently it appears that the process they were describing was more 
closely approximated to the theory suggested by von Glaserfeld (1989). However it is unclear at 
this point whether future schema refinements would facilitate a complete shift to a symbolic mode 
of representation. An analysis of von Glaserfeld's definition of'concept' suggests a close alignment 
with the verbalised perceptions of the novice students. During the construction of schema, this 
author differentiates between the terms 'representation' and 're-presentation', von Glaserfeld 
suggests that from a constructivist standpoint that the term 'concept' refers to a structure that has 
been abstracted from some prior experiential construction, and subsequently re-presented by the 
individual (to him/herself) in the absence of perceptual input (e.g., seeing the entity within ones 
immediate environment). For example in the absence of iconic (visually tangible) stimuli from the 
experiential field (environment), evidence of having 'learned' the meaning of the concept requires 
that the individual continue to re-present to him/herself the requisite imagery or referent of that 
concept - for example whenever he or she sees a word or symbol that represents the concept. In 
terms of the 'Authentic World ' learning environment, 1 have suggested that there was evidence that 
this process was facilitated and accelerated by scaffolding, in the form of colour coded links 
between the mathematical abstractions (numbers) located in the equation, and the digital 
photographs (which represented actual features of medication dosages situated in clinical practice).
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Ultimately both Bnmer's and von Glaserfeld's theories go some way to explaining the very striking 
dichotomy in perceptions reported by participants when explaining the great difficulties they 
experienced in understanding the lesson content (where for most participants little to no semantic 
links had been forged); and the almost simplistic ease with which they understood the content of the 
'Authentic World' learning environment, In support of this premise, all participants reported that the 
'Authentic World' learning environment assisted them to a much greater extent in learning 
(constructing requisite schema for), tablet and capsule, liquid medicine, injection, and I.V. infusion 
rate problem solving skills.
Moreover participants universally stated that previous visualisation of prescription charts, 
medication containers, tablets and capsules, ampoules, and intra-venous infusion equipment 
'sensitized' them to these 'real life' features and prepared them for problem-solving in clinical 
practice; and reduced their anxieties regarding performance of these skills. Hence I have suggested 
that those individuals who scored 100% in the written assessment and subsequently accurately 
solved all posed medication dosage calculation problems, entered their respective clinical settings 
not as novices, but rather as advanced beginners in this skills area. Therefore in light of these 
findings 1 have recommended that further research should be directed toward both exploring the 
impact of computer-based 'authentic world' environments, and a subsequent re-evaluation of 
current models of problem-solving and cognitive skill acquisition in nursing.
Finally a number of participants recommended sequencing of the 'Authentic World' learning 
environment prior to teacher-led lessons, such that dosage problems discussed in the classroom, 
were 'clear in their minds', before subsequent exposure to word problems.
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Section 5.1 Redefinition of previously held theories at the study site
This falls into two main themes, that are centred upon the employment of constmctivist approaches 
to assist the development of dosage calculation schema during the foundation period of nursing 
programmes; and secondly the relationship between calculator use and the manifestation of 
conceptual errors.
Having discussed the former of these two themes I will move immediately to the previously held 
belief regarding the relationship between calculator use and the manifestation of conceptual errors. 
Given the findings I have reported within this thesis I believe that there is sufficient evidence to 
suggest that both the previously reported findings by Shockley et al (1989), and the previously held 
beliefs at the study site may in part have been misfounded. That is the conceptual errors that were 
observed may have been influenced by use of contextualised word problems that novice nursing 
students misunderstood. As a consequence possibly a Solomon Four Square or 4 Group Factorial 
experiment consisting of exposing students to teaching methods consisting of:
1. Traditional contextualised word problems/formulae with no use of calculators
2. Traditional contextualised word problems/formulae with use of calculators
3. Authentic World learning environment with no use of calculators
4. Authentic World learning environment with use of calculators 
- may elucidate data that clarifies this issue.
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Section 5.2 Limitations of the study:
The investigation was undertaken at one education establishment and should be replicated within a 
range of establishments within the UK and elsewhere.
The availability of 22 computers restricted the sample size to 44 participants, and replication of the 
investigation with a larger sample should be undertaken to compare the results.
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Section 5.3 Implications for the practice of nurse education:
This thesis has demonstrated that:
1. The use of constructivist approaches assists novice-students to construct schema and conceptual 
models of medication dosage calculation problems.
2. Construction of schema for arithmetical operation and computation skills requires a more 
protracted period for assimilation and accommodation to occur.
3. Following exposure to combined 'Authentic World' and teacher-led didactic learning methods, 
performance on written medication dosage calculation assessments was predictive of 
performance in clinical problem-solving situations.
4. Subsequently exposure to this combined program was diagnostic of students who required 
assistance to construct accurate schema for arithmetical operation and computation skills. The 
nine participants identified as requiring additional support, re-entered the college support system 
and all achieved the 100% achievement level by completion of the CFP.
5. These findings contribute to education theory through illustrating constructivist-strategies that:
a) Assist novice nursing students to construct accurate schema for medication dosage calculation 
problems.
b) Assist novice nursing students manifesting all three cognitive styles in mathematics, to bridge the 
divide between mathematical abstractions and associated entities located in clinical nursing 
practice.
c) Are diagnostic of novice students who require assistance to construct accurate schema for 
arithmetical operation and computation skills.
On a final note, during this four year journey, the experience of both teaching and working with 
novice students has personally highlighted the inadequacies of a transmission model of education. 
Subsequently for me there has been a gradual shift from dedicated empiricist to enlightened 
constructivist. However in this final analysis 1 once more call upon the work of von Glaserfeld 
(1987), who uncharacteristically for him strays into the world of the empirical. That is he links
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learning to the adaptation which is necessary for survival in a world of constraints. This reflects the 
Darwinian view of adaptation as central to evolution via natural selection. Species who failed to 
survive did so because their biological make-up was not adapted over time to meet the changing 
demands of the environment.
Fortunately in a cognitive context people can adjust and adapt to their environment through the 
constant construction and modification of knowledge regarding 'their world'. A major function of 
education is to facilitate this process in learners. In the case of education of nurses for safe and 
effective practice, the task is to organise students' experiences in such a way that they can adapt to 
the demands of their new world of professional nursing practice. Ultimately there are students who 
fail to adapt, and leave or are excluded from the profession. However as professional educators we 
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